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ILLINOIS—-TODAY AND TOMOR 


No orner oilfields in the United States have at- 
tracted more attention and discussion during the past 
two years than have those of Illinois. This has been 
due not merely to their prolific yields although their 
present output, approaching 300,000 bbl. daily, 
is much above the anticipations held at the 
time when the first wells in the new areas were 
brought in. Even more important considerations 
have been their geographical situation and the fact 
that the only curb on output for a large part of the 
district has been the ability to find purchasers, a 
condition that has led to extensive price cutting. 

Illinois production has had an influence market- 
wise Out of proportion to its actual volume mainly 
because of its location. Situated close to the great 
consuming areas of the north central states, and lying 
athwart the routes by which Mid-Continent oil 
travels to reach Chicago, Toledo and other refining 
centres, Illinois producers have enjoyed the advan- 
tage of low transportation costs to reach these im- 
portant markets. 

As a result of this advantageous situation, com- 
bined with a willingness on the part of some produc- 
ers to cut prices, Illinois oil has displaced a consider- 
able volume formerly drawn from Kansas, Oklahoma 
and New Mexico. In a market rather too well supplied 
this naturally has brought protests from producers in 
the latter areas. They of course cannot gainsay the 
geographical advantage held by Illinois but they do 
complain that Illinois wells are produced wide open 
and are subject to none of the limitations imposed by 
the conservation laws of the Mid-Continent states. 

The development of the Illinois fields and their 
relation to pipeline systems and refineries in the 


territory between the Great Lakes, the Ohio and the 


Mississippi rivers are fully set forth on other pages of 
this issue. The conclusions drawn in this discussion 
are that Illinois production will be maintained at a 
high rate in the immediate future and that it will 
occupy a preferred position in that important area so 
long as this condition continues. 

Robert Yarnall Ritchie 
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THis really is the crux of the matter; how long will 
the fields of Illinois be able to pour forth their hidden 
riches at the lavish rate now in 
effect? The answer is written in the 
history of scores of other fields pro- 
duced in the same reckless manner 
from the days of the first oil rush along Oil Creek in 
Pennsylvania down to the present time. Pithole, 
Spindletop, Cushing, and dozens of others tell the 
same story. A lucky strike, a swift rise to glory, frantic 
drilling, dissipation of pressures and than a quick 
decline to relative obscurity or total abandonment. 
The ghosts of once flourishing but now forgotten 
towns scattered across the continent are monuments 
to the recklessness and cupidity of those whose over- 
eagerness destroyed the substance and left only the 
shadow of which might have been an enduring pros- 
perity. 

Thirty years ago Illinois was one of the three 
principal oil producing states of the Union though its 
production then came from fields others than those 
that are being exploited today. There was similar 
activity and excitement, feverish haste in drilling and 
a rush to provide facilities for handling and trans- 
porting crude. There was the same disregard of care 
and system in the effort to skim the cream from the 
fields in the shortest possible time. Within two years 
after the peak of production was reached output 
began a decline that was continuous thereafter. Since 
that time producers in these earlier fields have been 
laboriously pumping a modicum of the oil that might 
have been obtained through saner methods. History 
repeats itself but the memories of men are not long 
enough to bridge the gaps. 

It is significant that while much apprehension was 
expressed in the oil trade during 1938 as to possible 
disorganization of the market and a break in the 
crude price structure as a result of unbridled produc- 
tion in Illinois, the subject is one of less concern at the 
present time although the daily output of the fields 
is still rising. The explanation lies in the realization 


Shadow or 
Substance 
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by oil men of knowledge and experience that with a 
continuation of present methods production in 
Illinois will reach its peak within a relatively short 
time and then will enter upon a steady and probably 
a rapid decline. Many men of long experience in the 
oil industry believe that the high point in Illinois 
production will be reached shortly after daily output 
passes the mark of 300,000 bbl. 


EFForts have been made in Illinois to enact laws 
similar to those now in effect in a number of states for 
the prevention of waste and prolong- 

Why Conserva- ation of the life of the fields. These 
tion Lags efforts have met with no success thus 
far and from present indications 

there is small likelihood of effective action before a 
sharp decline in output signalizes the serious impair- 
ments of potentials. The politicians are openly 
against an effective conservation law or lukewarm in 
their attitude toward it. Landowners who have not 
yet tasted the sweets of royalty payments that their 
neighbors are enjoying are opposed to any curtail- 
ment. Drillers who have put down wells on borrowed 
capital or by the near exhaustion of meagre resources 
are anxious to pay out as soon as possible. The general 
public is not sufficiently informed to appreciate the 
certain effects of ruthless exploitation and so to rally a 
strong body of opinion in support of the conservation 
movement. In the fields which are mainly controlled 
by financially strong companies proper spacing of 
wells and production at a rate calculated to maintain 
bottom pressures are being practiced voluntarily. 
Elsewhere there is no such restraint. In one of the 
most prolific fields in the state, wells are being put 
down so closely and rapidly that it is probable that 
a great part of the potential production will be lost. 

In the early days of the oil industry, many poten- 
tially great fields were ruined through lack of knowl- 
edge of sound methods of production. Since that time, 
experience has demonstrated that too close spacing 
of wells and too rapid production is very likely to 
shorten the life of fields and to reduce greatly the 
recovery per acre. In the long run everybody concerned 
loses by such practices—the producers themselves, 
the royalty owners, the state and all its citizens. 

So well has this lesson been learned in the states 
that have been large producers of petroleum over an 
extended period that some system of control, either 
through state laws or by voluntary action, is solidly 
established. It is recognized that regulation of 
production in accordance with well established 
practices for the preservation of bottom hole pres- 
sures and avoidance of waste extends the life of 
any field to which it is applied and so increases the 
ultimate return to everyone who participates in its 
yields. The demogogic claim that it is a device of the 


larger companies to promote monopoly is disproved 
by the fact that the so-called independent or small 
producers who are numerically a large majority in the 
industry are for the most part staunch supporters of 
regulation in the states where it is in effect. 

The strongest argument for regulation, state or 
voluntary, in Illinois or elsewhere, is the argument of 
self-interest. Nobody can predict .accurately in 
advance just what figure will represent the peak of 
production in Illinois or just when the peak will be 
reached. There is plenty of oil history to indicate that 
if sound principles of conservation are disregarded, 
the decline in production, once that point is passed, 
will be rapid and severe. 

Records compiled by the American Petroleum 
Institute of a large number of fields produced without 
restraint or regulation show that within a year after 
reaching their peaks, output dropped more than 50 
percent. Within two years, it had fallen nearly 80 
percent. 


IT Is A matter of simple arithmetic to figure that if 
a group of fields yielding, let us say, 500,000 bbl. 
daily, drops to 100,000 bbl. in the 
course of three years, the producers 
of that area and all who are depend- 
ent on it are much worse off than 
they would be under a system of proration which held 
their output to 250,000 bbl. over a decade or more. 
Yet ample evidence may be adduced to prove that 
this is not an overdrawn illustration. 

No system of proration yet devised can lay claim to 
absolute perfection. But long experience and careful 
study of the essential factors governing the recovery 
of oil from its natural reservoirs has shown that a 
system can be set up which will be broadly equitable, 
that it unquestionably will prolong greatly the life of 
the fields to which it is applied and that it will make 
possible the recovery of a far greater proportion of the 
total oil available. 

The claim that petroleum producers, dealing with a 
commodity of immense national importance, owe an 
obligation to avoid its waste so far as possible may 
not appeal to the individual operator intent only on 
his personal problems. The prospect that if some 
states fail to adopt clearly established measures to 
protect their own interests and those of their citizens, 
the federal government will step in and take over the 
task may not move those in political control of state 
administrations. The pocketbook argument, however, 
is one that even the most obtuse and self-centered can 
readily understand and they need only refer to scores 
of examples from past experience to realize that 
members of the oil industry who oppose practical 
measures of conservation are robbing themselves as 
well as their state and the nation. 


More Haste 
Less Gained 
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NEW MOVE for Federal Regulation 
Put Forward in Washington 


Bill Submitted to Congress by 


President Would Empower Com- 


missioner to Investigate and Pre- 


vent Waste—Announced Purpose 


to Coordinate Conservation 


Activities of State and Federal 


Authorities. 


Basep on the recommendations of the 
Energy Resources unit of the National Re- 
sources Board submitted to congress by 
President Roosevelt last February, Represen- 
tative Cole of Maryland shortly before Con- 
gress adjourned introduced a bill providing 
for federal regulation of the production of 
oil and gas and their transportation in inter- 
state commerce. 

Labelled a conservation measure and in- 
tended to prevent avoidable waste, the bill will 
serve as a background for study to be made by 
a subcommittee of the House Interstate Com- 
merce committee with a view to suggesting 
legislation at the next session of Congress. 

In presenting the bill, which was sent to 
Chairman Lea of the Interstate Commerce 
Committee under cover of a letter from the 
President, Mr. Cole said: 

“Tt was not prepared by me or any member 
of the subcommittee over which I presided as 
chairman in 1934 during the investigation of 
the petroleum industry and which has hand- 
led all legislation on the subject of petroleum 
referred to the Interstate Commerce Com- 
mittee since that time. 

“The bill intends to develop fullest possible 
cooperation between state and federal officials 
and the oil industry in the prevention of 
waste. It is designed solely as an oil and gas 
conservation measure and does not attempt 
to control supply through the establishment 
of production, marketing, or transportation 
quotas; does not affect imports or exports of 
petroleum; and does not provide for any 
coordinated industrial action in refining and 
marketing.” 

After setting forth an elaborate series of 
findings on the part of Congress to the effect 
that wasteful preduction jeopardizes the 
maintenance of reserves and the national 
defense, burdens interstate commerce and 
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constitutes unfair competition, the bill makes 
a declaration of policy as follows: 

“It is hereby declared to be the policy of 
congress, through the exercise in this act of its 
powers to provide for the maintenance of an 
adequate national defense and to regulate 
interstate commerce, to further the conserva- 
tion of petroleum by the elimination of waste- 
ful methods and practices insofar as such 
methods and practices may be avoidable, 
and to encourage and assist the various states 
in their efforts to prevent the waste of 
petroleum.” 

The bill establishes an office of Petroleum 
Conservation in the department of the 
Interior to be under the direction of a Com- 
missioner, appointed by the President and two 
associate commissioners to be appointed by 
the Secretary of the Interior. Pertinent oil 
activities of the federal government will be 
consolidated in the office of Petroleum Con- 
servation and the Connally Hot Oil act, 
recently extended by Congress for a period of 
three years, is made permanent and its 
administration and enforcement placed in the 
office of the new commissioner. 

There also would be established a Council 
on Petroleum Conservation consisting of 18 
members, to be appointed by the Secretary 
of the Interior. Nine of the members would 
be state officials engaged in the administration 
of petroleum conservation laws, six would be 
persons engaged in the production of petro- 
leum and three would be engaged in the 
teaching of subjects related to petroleum at 
educational institutions. The council would 
meet annually and at such meetings would 
confer with representatives of the federal 
government on matters that would be laid 
before the meeting concerning the prevention 
of waste in production and the civilian and 
military needs of the nation. The council also 
would arrange for a current interchange of 
information with the office of Petroleum 
Conservation on production methods and 
practices. 

The commissioner of petroleum conserva- 
tion is authorized to investigate and deter- 
mine if oil or gas is produced wastefully in any 
field in the United States. In making his 
determination the commissioner shall con- 
sider; (1) the porosity, permeability and 
other characteristics of the deposits; (2) the 
nature and character of reservoir energy; 
(3) well spacing, drilling practices, well casing 
and well completions; (4) the rate of decline 
in reservoir pressure per unit of crude oil 
producted; (5) the ratio of natural gas 
production to the amount of crude oil 
produced; (6) the rate and manner of water 
encroachment within the productive forma- 
tions; (7) the ratio of production of crude 
oil to estimated reserves; (8) the methods of 
well completion, presence of gas-caps and 
presence of gas-bearing zones open to any 


well; (9) conditions of storage of crude oil 
recovered; and (10) other characteristics and 
conditions of the source of supply and 
production therefrom. 

If the investigation develops that waste 
does not occur, notice to that effect will be 
given to state officials, operating companies 
and the public. If waste is found to occur in 
accordance with the standards established in 
the bill, findings to that effect will be made 
and regulations issued to provide for the 
elimination of such waste. In the promulga- 
tion of these regulations the commissioner 
will be required to make provision concerning 
the following factors of waste: the spacing, 
location, drilling, completion, or production 
of any well or wells so as to cause waste of 
reservoir energy; the loss by escape or waste- 
ful burning of natural gas; the loss, evapor- 
ation or wasteful burning of crude oil; the 
existence or creation of fire hazards; the 
drowning with water of any stratum capable 
of producing crude oil or natural gas, or both; 
the escape of crude oil from a productive 
formation through drainage or seepage; the 
premature release of natural gas from solution 
in crude oil; the operation of any well produc- 
ing crude oil with inefficient gas-oil ratio; the 
inefficient, excessive, or improper use of 
reservoir energy; the excessive production of 
natural gas alone or in conjunction with crude 
oil from a source of supply containing both, 
even though such natural gas is used or trans- 
ported for use in the generation of light, heat, 
or power; the abandonment of any well in 
such manner as to render any crude oil 
unrecoverable or reservoir energy unavail- 
able. 

Further the commissioner will be required 
to regard as prima facie evidence of avoidable 
waste any operation substantially at open- 
flow capacity or production ‘in any field 
at a rate which, in its relationship to known 
crude oil reserves, is substantially in excess 
of the rate of production in relationship to 
reserves in other fields’ in which the com- 
missioner has found waste on the basis of the 
enumerated factors defining waste. 

State officials and operating companies 
would be notified of the findings and the 
regulations and opportunity would be given 
to make the corrections. If the corrective 
measures are not applied the commissioner is 
authorized to bring action in the United 
States district court to enjoin such practices. 

The bill also provides the commissioner 
with authority to approve voluntary agree- 
ments to eliminate avoidable waste among 
the operators in any single oilfield. Likewise 
he is further authorized and empowered to 
cooperate with the officials or agencies of the 
states or agencies acting pursuant to agree- 
ments between two or more states and with 
educational and research organizations, pub- 
lic or private. 
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High Rate of Production Indicated for 
ILLINOIS FIELDS’ 


By Alfred H. Bell, Geologist and Head of Oi! and Gas Division ANG Walter H. Voskuil, Mineral Economist 


Discovery and rapid development of new 
oilfields in southern Illinois in 1937 and 1938 
has served to focus the attention of the United 
States petroleum industry upon the pro- 
ductive possibilities of that state, in its effect 
upon the national oil market. The effect of 
these discoveries upon the local oil industry in 
Illinois was indeed spectacular. Output of 
petroleum in the state rose from a settled 
production of 4,500,000 bbl. in the oilfields 
in 1936 to a level of 24,000,000 bbl. in 1938 
from both new and old fields, while oil is 
currently being produced at a rate of 75,000,- 
000 bbl. annually. Taken by itself this appears 
to be a development of unusual significance 
and of critical importance to oil producing 
districts elsewhere. Viewed as-part of the 
national oil picture, the developments appear 
to be less significant, and the critical effect 
upon competing oil producing districts is res- 
tricted mainly to two states—Oklahoma and 
Kansas. 


Petroleum Production in Illinois and the 
United States, 1936-1938, and Jan.-April, 1939* 


United Percent 
Year Illinois States Illinois 
(Thousands of barrels) of total 
1936 4,475 1.029.687 0.41 
1937 7.426 1,277,653 0.58 
1938 23,929 1,212,530 1.97 
1939 (To Apr. 30) 19,539 404,895 4.82 


*Monthly petroleum statements, U. S. Bureau of Mines 


In terms of average daily production, there 
has been a rise in output from 12,000 bbl. 
daily in 1936 (last year in which production 
came solely from old fields) to a reported daily 
production of 214,700 bbl. The larger portion 
of the oil so produced is marketed among 
refineries of the central refining district, main- 
ly in competition with crude petroleum from 
Oklahoma, Kansas, and New Mexico. The 
place that the Illinois petroleum industry will 
occupy, ultimately, in the crude oil market of 
the central refining district depends upon the 
rate of discovery, extent of reserves, the rate 
and efficiency of production, and the ability 
to dispose of the crude oil output in a highly 
competitive market. This survey of the 
Illinois oil industry is limited to a review of 
events leading up to the recent activity, a 
discussion of the geology of the fields, the 
proved extent of reserves, possibilities of 
further discoveries, and the problems of 
marketing the crude oil. 


HISTORY 


Illinois first became an important oil pro- 
ducing state in 1904 and succeeding years 
with the discovery and development of the 


*Published with permission of the Chief, State 
Geological Survey, Urbana, Illinois 
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southeastern Illinois field, one of the nation’s 
major oilfields. Illinois ranked third in the 
United States in oil production during 1908, 
1909 and 1910. The peak of annual production 
was reached in 1908, and after 1910 the 
annual production declined practically with- 
out interruption until 1937 when it rose 
sharply as a result of the discovery of new 
fields in the Illinois basin. Present indications 
are that the state’s production in 1939 will be 
approximately double that of the peak year of 
1908. 

The question may be asked ‘“‘Why has the 
oil industry of Illinois been subject to such 
violent fluctuations in contrast to the com- 
paratively steady state of the industry in such 
states as Kansas or Oklahoma?”’ 

Beginning about 1910 there was a notable 
migration of oil men and oil capital from 
Illinois and the eastern fields to large flush 
fields in the Mid-Continent area. Over much 
of the Mid-Continent area, bedrock structure 
could be determined readily by detailed 
studies of the surface geology, whereas in 
most of Illinois the surface covering of glacial 
drift prevents the determination of structure 
by this method. Moreover, the southern part 
of Illinois was known to be a major structural 
basin and according to current theories of the 
migration and accumulation of oil, the basin 
was considered unfavorable territory. Al- 
though several small oil and gas pools were 
discovered in western and southwestern 
Illinois, from 1908 through 1928, they were 
not productive enough to reverse the steady 
decline of the state’s production. 

The discovery in 1928 of the Mt. Pleasant 
field in the central part of the Michigan basin, 
a large structural feature somewhat similar 
to the Illinois basin, necessitated a change in 
the widely held theory regarding the oil possi- 
bilities of basins. In 1930 the Illinois State 
Geological Survey prepared and exhibited a 
map classifying the state into areas of four 
grades with respect to oil prospects, namely: 
best possibilities, moderately favorable, slight 
possibilities, and negligible possibilities. The 
deeper part of the basin was included in the 
most favorable area. This map was based on 
geologic data accumulated by the Survey over 
a long period of years. It has been substan- 
tiated by recent developments, as 33 of the 
new fields discovered since January 1st, 1937, 
are located in the area designated in 1930 as 
having best possibilities. 


USE*OF GEOPHYSICS 


When the oil companies became convinced 
that the Illinois basin was prospective oil 
territory the next problem was the discovery 


and delineation of favorable structures. Sinee 
the use of surface geology for this purpose 
appeared to be extremely limited, two com- 
panies—Pure Oil and Adams-Louisiana— 
decided at about the same time to try the 
reflection seismograph method. This method 
met with conspicuous initia! success as the 
first three wells located by it discovered new 


pools. The Adams-Louisiana, Merryman No. J 


1 well came in first, January 27th, 1937,—the 
discovery well of the Patoka pool—on the 
western margin of the basin. Here the credit 
must be divided between geophysics and 
geology because a structural high on Coal No. 
6 had been mapped by R. S. Blatchley.' i 

Pure Oil Company’s Weiler No. 1 well, | 
discovery well of the Clay City pool, was 
completed February 26th, 1937, and was the 
first to demonstrate that oil in commercial 
quantities existed in the basin. This was 
closely followed by the Bradley No. 1 well, 
completed March 4th, 1937, which discovered 
the Cisne pool. The location of these wells was 
made entirely by the reflection seismograph 
method, and its early success led to its large 
scale use by many companies during the 
succeeding years. 


GEOLOGY 

The producing sands in the Clay City and 
Cisne pools mentioned were the Cypress and 
Aux Vases formations respectively. The 
initial productions were comparatively small 
(40 and100 bbl.). The first big well in the basin 
was Pure Oil Company’s B. Travis No. 1, 
located half a mile north of the Weiler No. 1. 
It was completed May 15th, 1937, with an 
initial production of 2,640 bbl. from the 
McClosky sand, a porous, oolitic limestone in 
the Ste. Genevieve formation of the Lower 
Mississippian series. Since that time the 
principal production in the central part of the 
basin has been from the McClosky. 

In the latter part of 1937, the Louden 
(Beecher City) field, Fayette County, and in 
July, 1938, the Salem (Lake Centralia) field 
were discovered on the western side of the 
basin. These two fields now produce about 
three-fourths of the state’s oil, Salem alone 
yielding more than half the total. The Salem 
field is now reported to rank second in the 
United States in daily output, being exceeded 
only by the East Texas field. 

The principal production in both the 
Louden and Salem fields is from sandstones 
in the lower part of the Chester (Upper 
Mississippian) series. In the Louden field both 


1 Blatchley, R. S., Oil resources of Ilinois: Hlinois Geol. 
Sur. Bull. 16, Plate 14, 1910. 
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Globe 


An independent discovered that major companies had leased all 

good prospects in Washington County, Illinois, but overlooked Oak 

Grove cemetery. He leased the site without undue furore and (above) 

moved in a drilling rig a week later. Scouts from other oil companies 

watched closely. Oil was struck (right) in the Benoist sand at a depth 
of 1,267 ft. — a free-flowing test. 


the Cypress and Benoist or Bethel formations 
are productive, as well as the stray sand in the 
Paint Creek formation. In Salem, the Cypress 
sandstone is water-bearing, and oil is pro- 
duced from the Benoist, Aux Vases, and Mc- 
Closky. Some wells recently drilled on top of 
the structure, producing from the McClosky, 
have had estimated initial flow (based on a 
three-hour test) as high as 4,800 bbl. 

The accumulation of oil in the new Illinois 
fields seems to be controlled mainly by large 
closed structures. The development of several 
of the newer fields has not gone far enough to 
reveal the structural conditions in detail, nor 
the extent of the producing territory. Recent 
development has been so rapid that there has 
been no opportunity for the estimation of 
reserves based on detailed studies. It seems 
conservative to say that the recoverable re- 
serves in the known fields of the state are 
of the order of 400,000,000 bbl. There still re- 
mains much untested territory and with the 
large amount of wildcat drilling now in 
progress it is probable that many new fields 
will be discovered. 


MARKET OUTLET 


The normal outlet for petroleum produced 
in Illinois is among the refineries of the central 
refining district.2 Some Illinois petroleum 
moves eastward beyond the boundaries of the 
central refining district into the Appalachian 


‘The central refining district, as here defined,” includes 
refineries in Illinois, Indiana, Michigan, Kentucky, 
and western Ohio. It corresponds to the Bureau of 
Mines’ designation of the Ilinois-Indiana-Kentucky, 
ete., district. 
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district and small quantities are also shipped 
into Canada. The location of the central 
refining district among other areas in the 
United States and the distribution of refin- 
eries within the central district are shown in 
accompanying illustrations. 

The refineries located within the central 
refining district range from small plants of 
2,000 to 3,000 bbl. daily capacity to large 
refineries of 10,000 to 40,000 bbl., and one 
plant with 100,000 bbl. daily capacity. Some 
of the small refineries have pipeline connec- 
tions with producing fields in the Mid-Con- 
tinent area. 

Practically all of the larger refineries are 
equipped with cracking plants for increasing 








the recovery of gasoline from crude oil. These 
types of refineries also manufacture lubri- 
cants, waxes, and special products in addition 
to the several oil fuels. The smaller refineries 
confine their operations to the recovery of 
gasoline by straight run distillation together 
with the recovery of kerosene, gas oil and 
distillate fuel, and residual fuel oils. 

The largest aggregate and individual refin- 
ery capacities are located in the Chicago 
industrial area, which includes Lockport and 
Joliet. Refineries in the Chicago district have 
four pipeline connections with producing 
fields in Texas, Oklahoma, and Kansas. Since 
the development of the Illinois basin fields, 
pipeline connections have been established. 
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Refineries by Market Groups in the Central 
Refining District.* 

Cracking 

Capacity Capacity 

(Barrels per day) 


Group 


Chicago district (Iinois & Indiana) 266.500 57.810 
Southeastern Illinois . aesh8 26.000 7.200 
Western Illinois (E. St. Louis-Wood 

I Sosa pi ahs aE 66.910 27.610 
Kentucky 28,600 8.150 
Michigan 68.350 10.050 
Ohio, Lake Erie ports 64.500 28.700 
Ohio, interior 11,900 2.700 
Ohio, Cincinnati 18,000 8.000 


*Petroleum refineries, including cracking plants. in the 
United States, January 1. 1938: U. S. Bureau of Mines. 
Inf. Cir. 7034, 1938. 





Global 


Immediately after the Oak Grove Cemetery discovery, the majors drilled offset wells to protect their own leases — one almost touching the discovery holed 














Refineries in the southeastern Illinois field 
have a daily capacity of 26,000 bbl. and « 


cracking capacity of 7,200 bbl. daily. The 
refinery at Lawrenceville, with a capacity 0! 


Approximate depths to principal producing horizons in the Illinois oilfields*. 
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Several fields, having only one to four wells each are not included 
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16,000 bbl., is connected with the Mid- 
Continent field through the Texas Empire 
Pipe Line Company and with the Illinois 
basin fields through the Central States pipe- 
line. The refinery in Robinson has depended 
mainly on local crude oil supplies but is con- 
nected with the Mid-Continent through the 
Illinois Pipe Line Company. 

Refineries in the Wood River crossing and 
East St. Louis district are served by three 
pipelines from the Mid-Continent with con- 
nections in Kansas, Oklahoma, and Texas. 
Pipeline connections also have been estab- 
lished between the Illinois fields at Centralia 
and Salem via the Illinois Pipe Line Company 
to the refinery at East St. Louis via the Wood 
River connection. 

Refineries in Kentucky are all small, the 
largest being at Latonia (near Cincinnati), 
Ohio, with a daily capacity of 8,000 bbl. This 
refinery is served by a branch line of the 
Illinois Pipe Line Company with connections 
in the Mid-Continent field. The remaining 
refineries probably serve a local market and 
do not extend their activities into the Illinois 
basin area. 

The Michigan refineries are mainly small 
plants; the largest refineries have a daily 
capacity of 8,000 bbl. with an average daily 
capacity of less than 3,000 bbl. Michigan 
petroleum, in addition to a market outlet in 


the refineries in the field, is also carried by 
pipeline to Detroit, Toledo, Port Huron, and 
Canadian refineries. 

In western Ohio, the largest refineries are 
in the Toledo district. These refineries have 
pipeline connections with the Mid-Continent, 
the Michigan fields, and the Illinois basin. 
The refineries in west-central Ohio, located at 
Lima and Findlay, have a capacity of 11,900 
bbl. Pipeline connections with Illinois basin 
fields and the Mid-Continent provide the 
source of crude petroleum. 

The refinery at Hooven (near Cincinnati), 
Ohio, has a capacity of 18,000 bbl. daily. This 
refinery receives its supply of crude by the 
Gulf Refining Company pipeline from the 
Mid-Continent territory. 

The central refining district possesses 
approximately 14 percent of the crude oil 
refinery capacity in the United States. 


Crude Runs-to-Stills in the Central Refining 
District, 1936-1938* 


Central 
Refining United 
Year District States Percent 
(1,000 bbl.) 
1936 147,724 1,068,570 13.9 
1937 164,243 1,183,440 13.9 
1938 159,446 1,165,015 14.1 


*Data from Minerals Yearbooks, U. S. Bureau of Mines 


Crude petroleum to supply refineries in the 
district is obtained from the oil producing 
fields of Illinois, Michigan, Indiana, Ken- 


tucky, and Ohio, and from the Mid-Continent 
fields, principally from the states of Oklahoma 
Kansas, and New Mexico. Smaller quantities 
are obtained from Texas. 


Crude Oil Shipped From Principal Oil Produc- 
ing States to Central Refining District 


in 1937* 
Percent 
State Quantity of state 
shipped output 
(1,000 bbl.) 
Texas 12,474 2.4 
Oklahoma 85,795 37.5 
Kansas : 26,727 37.8 
New Mexico 10,260 26.4 
Total. . 135,256 


*Minerals Yearbook, 1938, U. S. Bureau of Mines 


Approximately 160,000,000 bbl. of oil is 
refined in the central refining district annual- 
ly. The record for the past three years shows 
a rise from 148,724,000 bbl. in 1936 to 
164,243,000 bbl. in 1937, while the figure for 
1938 was 159,446,000 bbl. 

Of this quantity, the four leading states of 
the Mid-Continent field supplied 135,000,000 
bbl. in 1937, or 82 percent. These states have 
been the principal source of crude oil supply. 

With the rapid rise of oil production in 
Illinois, competition for the disposal of crude 
oil in the central refining district was felt by 
producers in the Mid-Continent states. The 
development of this competition may be 
measured roughly by a comparison of Illinois 
production with runs-to-stills in this district. 
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OIL AND GAS PRODUCING STRATA IN ILLINOIS 


Syetem or Series Formation and Lithology* 


Local Name and Area Productive 


Gas from glacial drift 


Upper Siggins, Gas - Clark County fields 


Casey, Claypool, Upper Partlow, Lower 
Carbondale - sh., 1ls., s6., coal Siggins, Bellair 500 - Clark County 


Pleistocene 

McLeanshoro - sh., 8s., thin ls., 
and coal 

Pennsylvanian 
Pottsville - ss., sh., and thin coal 
Kinkaid - ls., sh. 
Degonia - ss, 
Clore - ls., sh. 
Palestine - ss. 
Menard - ls., sh. 

Chester Waltersburg - ss. 


Vienna - le., sh. 
Tar Springs - ss. 
Glen Dean - ls., sh. 
Hardinsburg - ss. 

Golconda - l1s., sh. 


(Upper Mississippian) 


Series 


Dykstra, Wilson - Marion County 


Lower Partlow - Clark County 
Robinson - Crawford County 
Bridgeport - Lawrence County 
Buchanan - Lawrence County 
Biehl & Jordan - Wabash County 
Petro - Marion County 


Carlyle - Clinton County 

Kirkwood - Lawrence County 

Upper Lindley - Bond County 

Weiler - Richland and Fayette Counties 





Cypress - ss. 
Paint Creek - ls., 
Bethel - ss. 


Stray - Fayette County 
~~ |Tracey - Lawrence County 
sh. Benoist - Clinton, Fayette, Jefferson 





Renault - ls., sh., 88. 
Aux Vases - ss. 


and Marion Counties 


Aux Vases - Marion County 
Bradley - Wayne County 





Levias - ls. 


Ste. Genevieve - ls. {fostciare - ig 1 rena - Jefferson County 


Fredonia - ls, 4 


Iowa St. Louis - 1s.) 


McClosky sand - Illinois basin and 
southeastern fields 





Salem - le. ; 


Warsaw - ls. 
Keokuk - ls. 


(Lower Mississippian) 


Series Burlington - le, 
Fern Glen - ls. 
Kinderhook - sh., 18., 88. 
Mississippian Chattanooga - 


and Devonian New Albany sh. 


Devonian Limestone 


Osage group a 


“iad 


Westfield lime - Clark County 


Mississippi Lime 





Carper sand - Clark County 


Niagaran Martinsville pool - Clark County 
Hoing sand Colmar-Plymouth field - 
McDonough County 





Silurian Dolomite | 


- eh, 
- le. 


Maquoketa 


(Hunton limestone of Oklahoma) 


Trenton Westfield pool - Clark County 





Kimmewick 
Plattin - 
Joachim - 
St. Peter 


Ordovician ls. 
le. 





Dupo field - St. Clair County 


+ (Viola limestone of Oklahoma) 


ew (Wi leox sand of Oklahoma) 





*le. - limestone; es. - sandstone; sh. - shale 


Percentage of Hlinois Production to Runs-to- 
Stills in the Central Refining District. 





1937-1939 * 
Runs-to- Illinois 
Month stills production Percent 

Thousands of barrels 
January. 1937 13,192 368 2.79 
July, 1937 : 14.644 530 3.68 
January, 1938..... 13,567 1,128 8.31 
July, 1938 13,955 1.642 11.10 
January, 1939 14,370 4.446 30.90 
February, 1939 . 13.514 4.542 33.60 
March, 1939 14,919 5.380 36.10 


*U. S. Bureau of Mines, Monthly Petroleum Statements 


The discovery of oil in the deep basin of 
Illinois brought about a critical condition 
with respect to market outlets. Pipeline 
facilities were either inadequate or lacking 
altogether. Immediately prior to the discovery 
of oil in the basin fields, production of the old 
southeastern field was processed mainly in the 
Ohio Oil Company refinery at Robinson. 
There were, during the early stages of develop- 
ment, no pipeline connections with large 
refineries in the Chicago district, in western 
Illinois, or the refineries in western Ohio. 

This condition was corrected to some extent 
by the construction of gathering and trunk 
pipelines and the reversal of flow in existing 
pipelines so that connections are now estab- 
lished with refineries in Lawrenceville, East 
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St. Louis, Lemont, and Lockport from the 
Clay City and Noble fields, the Salem (Lake 
Centralia) field, the Louden (Beecher City) 
field and the Sandoval and Patoka fields. The 
pipeline capacity, if given preference for 
Illinois oil, would probably be adequate to 
handle the present production. Pipeline 
service, however, is of no avail to producers, 
unless refineries connecting with these pipe- 
lines are in the market for crude oil. The 
practical advantage of pipeline facilities lies 
with those producers who are affiliated with 
refineries. 't is natural, therefore, where there 
are a large number of independent producers, 
in a new producing district, that some among 
them have difficulty in finding outlets for 
their production. 

Although crude petroleum is transported by 
tank car to a certain extent, particularly from 
newly developed fields, the most economical 
method is either by pipeline or water trans- 
portation. For economical movement of IIli- 
nois oil, the ultimate aim will be to effect 
transportation by pipeline, except in cases 
where refineries are located in the field itself. 
It is, therefore, of interest to survey the extent 
of refining capacity in the Illinois field and 











Setting up collar on bit sub. 
in the Louden field near St. 
Elmo, Illinois. 


that connected by existing pipeline facilities. 

Refineries located in the field at Centralia 
and St. Elmo have an aggregate estimated 
capacity of 10,000 to 12,000 bbl. daily, al- 
though exact data on capacities have not yet 
been announced. 

Refineries with pipeline connections to 
which Illinois oil is now being shipped are 
located in Illinois and Ohio. Refineries in 
Illinois have a total operating capacity of 
136,410 bbl. daily. At least four of these 
refineries, with a total daily capacity of 58,500 
bbls. are taking part of their needs from the 
new fields in Illinois. 

Refineries of Standard Oil Company of Ohio 
at Toledo and Lima, and of the Pure Oil 
Company at Toledo, have an aggregate 
capacity of 32,500 bbl. daily. Additional pipe- 
line facilities are being constructed by the 
Illinois Pipe Line Company to carry Mid- 
Continent and Illinois crude oil to the refinery 
at Lima and other eastern refining markets. 

In addition to these refining outlets, the 
pipelines facilities of the Texas-Empire Pipe 
Line Company are available to refineries in 
the Indiana portion of the Chicago district. 

Crude oil runs-to-stills in Illinois refineries 


WORLD PETROLEU®™ 








One of the numerous spudding machines 
that have been designed for Illinois drilling. 


Tests have been put down so close to the 
gravestones at Oak Grove cemetary that a 
fence was required to protect the burials. 




















Daily capacity of U. S. crude oil refineries, by districts, as of January Ist, 1939 (W. H. Voskuil, “The Market for 
Illinois oil in 1937 and 1938”: Illinois Geological Survey Rept. Inv. 54, figure 1, 1939. 


in 1937 were 45,626,000 bbl.‘ This is a daily 
average of 125,000 bbl., while the average 
daily production is about 140,000 bbl. Even if 
refineries used Illinois-produced oil in that 
state exclusively, there would still be a sur- 
plus that would need to find a market in 
refineries outside of the state. 

While ample pipeline and refinery capacity 
is available in the central refining district to 
handle Illinois production, to do so would 
necessitate the displacement of this quantity 
of oil from the Mid-Continent fields, which 
would require the cooperation of the refining 
companies. 

The problem of crude oil disposal will not be 
solved by the erection of new refineries or the 
4‘U. S. Bureau of Mines, Minerals Yearbook, p. 846, 1938 


building of new pipelines unless markets can 
be found for refined products or for crude oil 
at the proposed pipeline terminals. Con- 
struction of new refineries or new trunk pipe- 
lines should not be undertaken until a survey 
has been made of the potential supply of 
crude oil in Illinois and the market outlets for 
both crude oil and refined products. 

The prospect in Illinois is one of sustained 
production for several years. The short time 
prospect is one of an increase above current 
levels. Inthisconnection, thehistory of produc- 
tion in the old Southeastern Illinois field may 
throw light on the possible duration of high 
productivity in the new field. Production in 
significant quantities in the old field began in 
1907, reached a peak in 1908 and a secondary 


Annual production of crude oil in Illinois, 1905 to 1938. Present indications 
are that the production for 1939 will be more than double that of 1908. 
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peak in 1910, declining thereafter. The total 
production from 1907 to 1936 inclusive was 
421,000,000 bbl. 

During a period of 30 years, the old fields 
produced 421,000,000 bbl. of which nearly 
two-thirds was recovered in the first 10-year 
period. The average daily output for the peak 
year of production in 1908 was 92,300 bbl. 
To what extent the performance of the new 
fields will simulate that of the old fields cannot 
yet be forecast. The present estimate of re- 
serves of the order of 400,000,000 bbl. cover 
only proved areas and make no allowance for 
untested areas. Since the Illinois basin fields 
have not been definitely outlined, a forecast 
of the probable maximum daily output and of 
the duration of sustained production at the 
average current daily level cannot be made. 
Further discoveries, both in new areas and in 
deeper horizons of proved areas, are possible. 
Nevertheless, the extent of known reserves 
together with the rate of drilling and the 
number of producing wells drilled indicate a 
high rate of production for the years imme- 
diately ahead. 

Production of Petroleum in Illinois, 1907-1916, 


Inclusive. * 


Cumulative 


Percent percent 


: of total Cumulative of total 
Year Production production production production 
Thousands Thousands 
of barrels of barrels 
1907 24,282 5.8 24.282 5.8 
1908 33.686 8.0 57,968 13.8 
1909 30.898 7.2 88.866 21.0 
1910 33,143 8.0 122,009 29.0 
1911 31,317 7.5 153,326 36.5 
1912 28,602 6.5 181,928 43.0 
1913 23.894 6.0 205,822 49.0 
1914 21,920 5.0 227.742 54.0 
1915 19,042 4.8 246,784 58.8 
1916 17,714 4.2 264,498 63.0 


Total production, 1907-1936. ... . 420,961 
*U. S. Bureau of Mines, Minerals Yearbook, 1937, p. 1, 008 


As a consequence of an expected period of 
sustained production from Illinois fields, a 
readjustment of present channels of crude oil 
flow from Mid-Continent producing districts 


‘to refineries in the central refining district will 


become necessary. The principal Mid-Conti- 
nent oil-producing states that will be affected 
are Oklahoma and Kansas, and to a lesser de- 
gree, New Mexico. 
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WORLD PETROLEUM REGISTER 


A VOLUME which easily ranks as the oil 
man’s most useful reference book is WORLD 
PETROLEUM REGISTER, just published. The 
current issue represents a combination of 
World Petroleum Directory and The Petro- 
leurn Register, which formerly were published 
separately. It includes the best features of 
its predecessors and presents information on 
the production, transportation, refining and 
marketing activities of oil companies in every 
part of the world, with detailed summaries of 
their financial structures and operations. 
Such features as the lists of tankships, 
bunkering stations, drilling contractors, 
royalty companies, trade associations, pro- 
fessional and scientific experts and an 
elaborate buyers’ guide enable the user to 
inform himself quickly on any phase of oil 
industry activity in any part of the world. 

Particular attention has been given to the 
arrangement of material for greatest con- 
venience in consultation. Although the new 
volume contains 200 pages more than any 
previous petroleum register, its weight and 
bulk have been kept to a minimum by use of 
special thin paper and by more rigid conden- 
sation of material both in editing and 
typography. Improvements have been made 
in the arrangement of contents and index 
pages and a thumb index system for the main 
section enables one to turn readily to any 
general subdivision which it is desired to 
consult. It is obvious that no effort has been 
spared by the REGISTER’S editors in collect- 
ing, compiling, checking and arranging 
information for this volume. 

WORLD PETROLEUM REGISTER is published 
by Russell Palmer at $10. Copies may be 
ordered through the offices of WORLD PETRO- 
LEUM in New York, London, or Los Angeles. 


NEGOTIATIONS regarding its concessionary 
areas in the Dominican Republic were com- 
pleted early in June, 1939, by Compania 
Seaboard Dominicana de Petroleo and the 
government officials at Ciudad Trujillo. With 
the co-operation of the government, it had 
been possible to wind up the litigation, and 
on July 3rd the company spudded its first test 
on the Meleta dome. 

The 126 ft. steel derrick is rigged for a 
possible depth of 6,000 ft.—although it may 
not be necessary to drill that deep. The sur- 
face casing used is 20 in. in diameter. Before 
the end of two weeks, the wel! had reached 
764 ft., but progress is expected to be slower 
in the future because of the desirability for 
frequent coring. 

Three minor shows of oil and gas have been 
obtained. This was anticipated in light of the 
information made available by the nearby 
Smith well, drilled to 2,900 ft. on nearby 
Moleno structure in 1927. 

Whether or not oil is obtained in commer- 
cial quantities by Seaboard’s Meleta test, 
another wildcat probably will be sunk in the 
Monte Cristi region where the company’s 
geological parties have discovered interesting 
structures. 
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Architect’s drawing of the proposed International Building planned for the 1940 International 











Petroleum Exposition at Tulsa, Oklahoma, U. S. A., providing enough nations of the world will 
accept the show’s invitation to exhibit bas-relief maps of their oilfields. There will be no charge for 
space. The building will also be headquarters for international delegates. 


EN PREPARING the plans, now well ad- 
vanced, for next year’s petroleum exposition 
at Tulsa, Oklahoma, special emphasis is being 
placed on the international character of the 
oil industry. Invitations have been issued to 
all oil producing nations to participate in the 
exposition both by sending delegates and by 
arranging exhibits. Leslie Brooks, publicity 
director, with the cooperation of the U. S. 
State Department, personally presented the 
proposal to the diplomatic representatives of 
26 governments. Acceptances have now begun 
to reach W. G. Skelly, exposition president. 

If a sufficient number of countries indicate 
their intention of providing displays, a new 
building to be known as the International 
Building will be erected to house these ex- 
hibits and to serve as headquarters for over- 
seas visitors. A special committee with James 
H. Gardner, president of Gardner Petroleum 
Company of Tulsa, is at work providing 
accommodations for the large number of 
international representatives expected to 


Originality in overcoming 
strong gas pressure problems 
struck a new note in the Monte- 
bello field, California, when 
the Pongrantz well recently 
got out of control while being 
deepened. 
used by the motion picture in- 
dustry to create storm scenes 
was borrowed by the drillers 
and is shown blowing the gas 
back from the well to reduce 
danger of explosion and per- 
mit the men with gas masks 
to work beneath the derrick 
floor in order to shut off the 


flow. 


A_ wind-machine 
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attend the exposition and arranging tours for 
the visitors to production areas, refineries and 
gasoline plants. 

Preliminary reports to the exposition 
authorities in Tulsa show that a cordial 
reception is being given to the plans for mak- 
ing the 1940 exposition more world-wide in 
scope than its predecessors and indicate that 
the movement will be highly successful. 


Deposits of bituminous shale have been 
discovered recently in many places in the 
Grodno region of Poland. An examination of 
specimens by the Warsaw Institute for 
Chemical Research has established the pre- 
sence of 39 percent of combustible constitu- 
ents, a much higher percentage than that in 
the Estonian bituminous shale, the industrial 
exploitation of which is the main asset of that 
country. The shale deposits of the Grodno 
region are found at a depth of only six feet 
under a layer of clay, and extraction appar- 
ently would be possible by cheap excavation. 
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i. P.C. To Build Second Mediterranean Pipeline 


First indication of the early duplication of 
Iraq Petroleum Company Ltd.’s Mediter- 
ranean pipeline, from the Kirkuk oilfield to 
marine terminals at Haifa and Tripoli, was 
the announcement in Baghdad of a modified 
agreement with the Iraq government and the 
company’s decision to increase output. A 
wireless report from London now states that 
very shortly bids will be called for supply of 
pipeline materials. 

Although final decision had not been made 
at the time of writing, it is probable that 850 
mi. of pipe will be ordered for the Kirkuk- 
Tripoli pipeline and 350 mi. for the southern 
bifurcation. The two branches of the new 16 
in. line are expected to handle 3,000,000 tons 
and 1,000,000 tons, respectively. Pumps will 
be Diesel driven, as in the case of the existing 
outlet. 

The original pipeline, completed in 1934. 
has a rated capacity of 4,000,000 tons per 
annum, although, in fact, exports in recent 
years have exceeded this figure. Construction 
of this line presented many problems which 
are not likely to be encountered when work 
gets under way on the new project. Previous- 
ly, it was necessary to establish lines of com- 
munication, to build camps, supply depots 
and hospital facilities, to organize a transport 


service adapted to local conditions, and to 
build roads along which the trucks might 
travel. Apart from this, friendly relations had 
to be established with the Bedouin tribes. 

Construction of the 1,180 mi. main pipeline 
in 1932-1934 required the importation of 
more than 200,000 tons of building materials 
and company’s motor transport service 
moved an aggregate of nearly 25,000,000 ton 
miles. The total cost of construction was about 
£10,000,000. 

Alterations in the conventions of two of 
the three oil companies in the I.P.C. group 
operating in Iraq were made recently, preced- 
ing announcement of the pipeline expansion. 

Under the agreement, which was submitted 
to the Baghdad Parliament for ratification 
during June, an interest-free loan of $15,000,- 
000 (£3,000,000) is to be granted by the 
company to the Iraq Government. The main 
amendment to the former agreement is the 
deletion of paragraph five, article six, which 
stipulates that “‘at least 50 percent of the 
capacity of the whole pipeline system shall 
be carried to the terminal in the Bay of Acre 
(Haifa).”” The effect of the new arrangement 
is that the I.P.C. may send its oil from Kirkuk 
to either terminal, Haifa or Tripoli, in any 
quantity it chooses. 


ye 


The new agreement also makes an impor- 
tant concession to B.O.D. Company, Ltd., 
operating the Mosul oilfields, which were due 
to start oil exports in October, 1939, by ex- 
tending its non-production period for a fur- 
ther seven years. It will. begin regular exports 
in 1946, about the same time as Basrah Pe- 
troleum Company, Ltd. 

Moreover, article five of the B.O.D. con- 
vention, providing for drilling operations 
“with a minimum of three rigs, and within 
one year after oil being struck will increase to 
nine rigs . . . until the commencement of 
regular exports of oil,’’ has now been entirely 
deleted. It has been replaced by the stipula- 
tion that the company must drill at a mini- 
mum rate of 12,000 ft. a year without specifi- 
cations as to the number of rigs. 

It is understood that the £3,000,000 loan 
will be supplied to Iraq at the rate of £1,000,- 
000 a year. The Iraq Government will repay 
the loan from Iraq Petroleum Company 
royalties when they exceed the present yearly 
amount of about $4,000,000j)(£800,000 gold). 
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EXCESS RUNS TO STILLS 
May Cheek U.S. Companies’ 1939 


By Henry E. Rose 


WV ue the American petroleum industry 
made reasonable profits in the first six months 
of this year, in spite of an adverse statistical 
condition, it is evident that certain corrective 
measures will have to be undertaken prompt- 
ly if it hopes to be in a sound economic status 
for the new heavy gasoline consuming period 
next year. 

During the first six months of 1939, the 
industry, taken as a whole, earned from 30 
percent to 35 percent less than in the corres- 
ponding period of 1938. Had it not been for 
the realization last March that higher prices 
were necessary for gasoline, the money 
product, in order to support refining and 
marketing operations, the income accounts 
would make cheerless reading. 

For several months the industry has been 
processing abnormal quantities of crude oil 
with the result that drafts on gasoline inven- 
tories have been subnormally small. Runs of 
crude oil to refineries have been averaging 
approximately 200,000 bbl. a day in excess of 
economic requirements for some time, and 
if a satisfactory statistical position is to be 
attained at the end of the present heavy con- 
suming period (October 1st), it is obvious that 
drastic curtailment must be made in refinery 
operations. 

Because of these heavy crude runs, with- 
drawals of gasoline from storage stocks, which 
had been built up during the fall and winter 
of 1938 and early 1939, in anticipation of 
summer demand, have been running approxi- 
mately 45 percent less than in 1938. From 
April lst to July 15th of this year, which 
represents slightly more than one-half of the 
heavy consuming period, the drain on gasoline 
inventories amounted to only 7,705,000 bbl. 
against 13,627,000 bbl. in the similar period of 
last year. In recent weeks, total stocks of 
finished and unfinished motor fuel, in conse- 
quence of small withdrawals, have been in 
excess of the same time a year ago, a contra- 
seasonal trend. The showing, too, is in face of 
a new record demand for gasoline, with con- 
sumption this year surpassing that in 1938 by 
more than four percent. 

Economists estimate that gasoline inven- 
tories, to be in a sound statistical position on 
October Ist, next, should not exceed 62,000,- 
000 bbl. In order to reach that goal it will be 
necessary to liquidate from inventories at 
least 17,400,000 bbl. after July 15th, or 
approximately 80 percent more than was 
withdrawn in the similar period of 1938 
(9,607,000 bbl.). With present high runs to 
refineries, or even with moderate curtailment, 
it is evident that this objective will not be 
attained. In fact, the indications are that 
these stocks on October 1st will be from 
8,000,000 to 10,000,000 bbl. higher. A burden- 
some position will have been built up which, 
With additions during the fall and winter, 
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might react unfavorably on price levels next 
spring. Current stocks are estimated to repre- 
sent a surplus of 10,000,000 bbl. 

This year’s gasoline demand, including ex- 
ports, in the first six months, probably ap- 
proximated 280,000,000 bbl. which would 
compare with 268,671,000 bbl. in the similar 
period of 1938, an increase of better than four 
percent. Domestic demand, taken alone, 
showed an even larger gain. 

The realization on the part of the refining 
division that it would have to receive better 
prices for gasoline to recover its crude oil 
costs became apparent early in March, al- 
though not in time to aid profits for the first 
quarter. The price improvement continued 
until late in June and has been maintained up 
to the present. Prices, however, are below 
those of a year ago for wholesale and tank 
wagon deliveries. Present quotations average 
about }% cent per gal. less than a year ago. 
That % cent per gal. would add another 
$110,000,000 a year to oil companies’ reve- 
nues and permit of a much better profit show- 
ing. 

Subnormally low prices for gasoline in the 
first quarter of this year caused profits of the 
industry, in the aggregate, to run about 62 
percent smaller than in the corresponding 
three months of 1938. The improvement in 
prices in the June period enabled a materially 
better showing as evidenced by the fact that 
the reduction in earnings was narrowed to 
from 30 percent to 35 percent in the first six 
months as compared with a year ago. June 
quarter profits, taken alone, ran materially 
ahead of those in the March quarter. 

Present uncertainties—high runs of crude 
oil to refineries and unseasonally large stocks 
of gasoline, tending to exert pressure on both 
gasoline and crude oil prices—make it diffi- 
cult to forecast, with any degree of confidence, 
as to the profit outlook. If gasoline prices hold 
through this quarter, as is the hope in some 
quarters, profits will be higher than in the 
three months ended June 30th since, norm- 
ally, this is the period of heaviest consump- 
tion. If excessive refinery runs continue, it is 
almost a certainty that a reaction on prices 
will develop, which, in turn, may be reflected 
in lower prices for crude oil. 

At present, because of the maladjustment 
of crude supply sources, caused largely by the 
rapid development of Illinois fields, it is estim- 
ated that approximately 180,000 to 200,000 
bbl. of crude oil are moving at levels below 
the highest posted prices in various fields. 
This condition exists not only in Illinois, 
where roughly 25 percent of that state’s crude 
output is being sold at discounts, but also in 
Louisiana, Arkansas, Oklahoma, Texas and 
Kansas. Expressed differently, about five 
percent of the country’s production of crude 
is moving below scheduled price levels, which 


Earnings 


is an unhealthy condition. This amount of 
crude, incidentally, was sufficient to cause a 
general reduction in crude prices in October, 
1938. 

To some in the industry there is hope that 
corrective measures to stabilize the industry 
will be taken in time to avert a collapse in 
prices. If it does not materialize, undesirable 
consequences may result. A crisis in the fall, 
when demand for gasoline begins to taper off, 
and stocks again accumulate more rapidly, 
is not entirely ruled out. 

While production of crude oil for the 
country, as a whole, has been in balance with 
demand, this position has been achieved 
solely at the expense of drastic proration 
restrictions in Texas and Oklahoma. Mean- 
while, production in Illinois is increasing 
steadily and new records are being marked up. 
Present output in Illinois of around 270,000 
bbl. a day compared with only 45,000 bbl. a 
year ago. There is no conservation statute in 
that state although feeble efforts were made 
early this year in that direction. 

The situation in Illinois is largely respon- 
sible for the present unsettlement in Mid- 
Continent states, since some of the latter’s 
mid-western markets are being taken over 
gradually by Illinois production. There have 
been indications recently that Illinois plans 
to give more serious consideration to conserva- 
tion and the hope is entertained that it may 
be enacted at the next legislative session. 
This step alone, in the opinion of oil execu- 
tives, could avoid a price cut. 

Michigan, which has been conducting a 
broad development program and increasing 
its potential production considerably this 
year, adopted a conservation measure a few 
months ago and there is no fear of over- 
production in that state. California also has 
taken its production question in hand. 

From one viewpoint, the crude picture has 
been misleading. It is in the amount of crude 
oil in storage above ground. Such stocks, in 
recent weeks, reflecting the high rate of 
refinery runs, have been going through a 
process of reduction. On July 8th they totaled 
269,369,000 bbl., and were at the lowest level 
in 17 years. In effect, the crude is being con- 
verted into refined products, with stocks of 
the latter accumulating. 

Of 28 companies, whose shares are listed on 
leading stock exchanges, 23 showed profits in 
the first quarter of this year and the remain- 
ing five deficits. The aggregate profits were 
$13,379,787 compared with $35,979,060 in the 
similar period of 1938, a reduction of 62 per- 
cent. For individual companies, the diminu- 
tion in earnings ranged from 11 percent to 84 
percent, the solely producing companies mak- 
ing the best showings. Mid-Continent integ- 
rated companies suffered most severely 
because it was in that area that prices for 
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FIVE YEAR FINANCIAL REVIEW 


Atlantic Refining Co. 


1938 
1937 


1936. . 

1935... 

1934... 
Barnsdall Oil Co. 

1938... 


1937 


1936. . 
1935. . 


1934 


Consolidated Oil Corp. 


1938 
1937 
1936 
1935 
1934 


Continental Oil Corp. 
1938... 


1937 
1936 
1935 
1934 


Creole Petroleum Corp. 
1938. . 


1937 
1936 
1935 
1934 


Gulf Oil Corp. 


193% 
1937 
1936 
1935 
1944 


Humble Oil & Refining Co. 


1938 
1937 
1936 
1935 
1934 


: 
Imperial 


1938 
1937 
1936 
1935 
1934 


Mid-Continent Petroleum Corp. 


1938 
1937 
1936 
1935 
1934 
1933 


Oil, Ltd. 


Ohio Oil Co. 


1938 
1937 
1936 
1935 
1934 


Phillips Petroleum Co. 


1938 
1937 
1936 
1935 
1934 


Pure Oil Co. 


1938 
1937 
1936 
1935 


1934. . 


Net 
Income 


$1,634,186 
2,400,028 
1,983,901 
1,797,613 
1,736,420 


4,310,913 
9,935,045 
7,342,197 
3,970,598 


5,512,105 


2,837 894 
1,903,029 


(d) 1,029,447 


7,737,712 
20,809,295 
16,728,929 
11,306,904 


553,282 


5,139,755 
13,948,460 
9,612,597 
8,813,561 
4,865,351 


11,464,757 
11,218,752 
8,596,448 
5,509,067 


5,315,254 


13,017,076 
31,854,065 
26,356,003 
10,551,720 

2,811,185 


35,800,351 
46,924,001 
34,183,527 
23,966,326 
21,989,954 


25,950,580 





1,043,791 
5,304,877 
4,777,578 
2,417,175 
828,093 

(d) 1,766,438 


4.582.964 
11,862,107 
7,881,571 
5,488,267 
5,411,924 


9,049,122 
24,113,874 
17,875,489 
13,421,703 

5,757,308 


5,412,903 
11,403,805 
7,658,372 
8,150,026 
(d} 884,872 


Per Share 
of Com. 


$2.07 
3.04 


ne ie i> be 
Sean 


uw 
— 


(e) 5. 


1.10 
2.98 
2.05 
1.88 
1.03 


1.64 
1.23 


79 
76 


1.38 


2.15 
1.63 
2.00 


Net 
Working 
Capital 


$3,680,800 
3,714,837 
4,183,364 
5,008,667 
5,096,673 


40,723,724 
22,824,810 
34,627,900 
36,512,103 
37,960,843 


2,884,341 
1,465,258 
4,611,623 
2,152,780 
3,719,365 





97,874,488 
78,130,681 
78,118,866 
78,377,440 
75,099,378 


45,753,061 
30,395,524 
28,749,999 
31,154,643 
25,390,339 





126,830,235 
118,361,299 
81,837,311 
96,410,624 
97,615,006 


37,440,543 

8,245,084 
26,962,743 
29,002,746 
31,580,204 


60,013,498 
64,239,390 
71,088,190 
72,607,155 
69,055,219 


18,614,252 
18,404,109 
17,771,833 

7,132,369 
15,133,343 
14,779,310 


28,340,324 
32,053,658 
32,155,437 
33,740,981 


43,662,204 
30,657,681 
23,362,194 
23,450,267 
21,601,235 


19,793,782 
26,285,254 
22,195,113 





Net 
Capital 


Assets 


$51,622,754 
11,684,811 
10,426,074 
9,227,589 
8,966,293 


142,172,139 
134,126,471 
113,737,073 
111,157,824 
109,739,314 


11,416,400 
11,628,526 
10,044,519 

7,659,141 
14,968,355 


201,583,988 
209,354,872 
204,171,446 
200,965,255 
208,402,801 


55,862,435 
50,970,433 
45,374,654 
39,825,881 
40,647,154 


56,966,860 
52,162,879 
51,304,681 
52,877,364 
51,926,430 


350,468,996 
339,864,527 
313,146,546 
288,757,680 
285,076,187 


295,440,883 
269,905,258 
226,310,687 
204,138,789 
193,059,994 


10,253,368 
39,808,431 
43,028,222 
53,572,421 


58,520,697 


38,158,682 
39,090,197 
37,841,889 
36,662,598 
36,947,518 
50,559,281 


96.328.461 
96,387,559 
(k) 98,929,683 
(k) 93,314,153 
(k) 95,599,183 


160,683,926 
158,719,012 
146,812,781 
137,258,621 
136,992,626 


112,992,307 
106,907,568 
115,413,650 
110,753,615 
108,456,105 


Funded and/ 


or Long 


25,406,849 
508,858 
522,793 

14,023,623 
14,024,734 


5,000,000 
3,861,743 
5,000,000 


318,510 


72,179,196 
48,564,969 
49,720,570 
40,181,938 
47,343,015 


21,071,600 


75,613,092 
79,913,155 
73,605,813 
87,166,000 
91,629,847 


42,640,805 
1,648,181 
266,945 
487,610 
6,831,050 


41,417,920 
25,613,235 
14,009,257 
20,945,221 
26,393,309 


2.455,686 
2,665,760 
35,194,361 
38,743,113 
28,500,000 


No. of 


Term Debit Pref. Shares 


148,000 
148,000 
148,000 


106,028 
101,844 


354,537 
548,077 
548,077 
548,077 
580,943 


721,429 
725,431 
359,617 
309,000 
300,270 


WORLD 


No. of Com. 
Shares 


788,675 
788,675 
788,675 
788,675 
788,675 


2,663,999 
2,663,999 
2,664,000 
2,664,901 

2,664,902 


2,250,344 
2,250,344 
2,247,974 
2,131,090 


2,205,451 


13,751,846 
13,915,617 
13,944,886 
13,983,237 
13,996,172 


4,682,581 
4,662,388 
4,738,593 
4,682,664 
4,738,593 





6,974,356 


9,076,202 
9,076,202 
9,076,202 
4,538,101 
4,538, 101 


8,987,840 
8,987,840 
8,987,840 
9,000,000 
8,968,479 


26,965,078 
26,965,078 
26,965,078 
26,965,078 
26,919,871 


1,857,912 
1,857,912 
1,857,912 
1,857,912 
1,843,872 
1,857,912 


6.563.377 
6,563,377 
6,563,377 
6,563,377 
6,648,052 


4.449.052 
4,449,052 
4,449,052 
4,152,836 
4,153,235 


3.982.031 
3,738,143 
3,285,120 
3,038,700 
3,038,700 


Surplus 


$4,922,742 
5,055,621 
4,232,943 
3,826,392 
3,606,129 


73,270,967 
71,733,501 
64,841,504 
65,617,388 
66,791,823 


5,947,243 
6,396,684 
7,471,507 
7,256,270 


9,096,713 


187,049,022 
190,874,640 
182,866,672 
180,540,203 
175,399,011 





69,591,015 
69,133,647 
61,875,373 
56,880,127 
51,780,703 


39,889,293 
35,638,823 
32,469,427 
27,357,909 


22,657,566 


115,308,601 
125,071,106 
102,756,263 
199,049,566 
189,737,462 


120,663,584 
103,172,103 
74,846,370 
53,499,275 
38,078,401 


61,202,540 
73,879,023 
81,133,214 
89,211,979 
97,678,704 


41,309,132 
42,231,402 
40,519,334 
38,311,091 
36,893,649 
13,174,089 


16,231,596 
17,710,658 
18,570,516 
17,915,323 
10,789,515 





7.453.790 
37,302,764 
29,153,170 
21,954,036 
13,721,113 


47,603,610 
46,052,869 
11,385,155 
41,728,169 
34,768,621 
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UNITED STATES OIL COMPANIES 


Per Share 
of Com. 


$1.52 
1.97 
2.00 
1.34 
1.10 


2.27 
6.06 
4.42 
2.16 

30 


Bi 


82 
38 
71 
-76 


g 


wow 


tall oh 
~~ 


>> 
= 


1.82 
3.66 


1.98 


1.25 


1.81 
3.66 
4.76 


2.13 
5.02 
4.10 
1.83 


2.09 


Net 
Income 
Seaboard Oil Co. 
Di cacaneeNerhaeenddOadun $1,895,790 
AGT ouws uhietae dudene ences 2,447,130 
ae , idnice kde kb ae 2,485,675 
ith estes va renh aden vaieeeuna 1,670,847 
ee Kp wkib aw iehaicies ED al 1,375,590 
Shell Union Oil Corp. 
ae MWeenunntuuens 11,318,423 
I ii ta-aln tn aat wee aaa 20,668,880 
iain S Garand kwh aie pees 22,494,364 
nth bbe dhe g dep adae womens 6,812,835 
beds ekeks beet heed wins (d) 949,111 
Skelly Oil Co. 
DE civckbbede wea suabeeneees 2.650.055 
iia nach +a Ree. aah eens ee 6,488,346 
Peacekiede dak araeens re 4,850,314 
Ds <ctessncsansvchcnes omni 2,585,849 
1964...... = sehstaedard oh 713,577 
Socony-Vacuum Oil Co., Inc. 
ee dives eae nawerees 40,106,917 
RE Ree Ce ee er 56,808,264 
1906...... Pevabieasnedabeeus 42,909,362 
SS ee Se yen 22,525,892 
Dias HERO MeRa eee eee el 24,121,297 
Standard Oil Co. of California 
SG 3 gui dire as Balas maw 28.875.653 
NE 6 6 <-b-beeew tae diee ae 41,254,778 
I hina: 5-6 Saran aso paoneen 23,310,223 
<a ee eee eee 18,594,330 
a i jethdiad Coa 18,327,807 
Standard Oil Co. of Indiana 
1988.... ee ee ene 27,771,976 
1937 (dievetastcaeeens 55,950,784 
1936 piAetuewadissudee ehas 46,883,448 
ee F bape aried 30,179,895 
SS eee 18,949,680 
Standard Oil Co. (N. J.) 
See eS eee 76.053.170 
. eee 147,993,147 
1936.... ihn akbar 97,774,583 
a aoe gee 5 eae 62,863,192 
ee he ‘ 45,618,960 
Standard Oil Co. of Chio 
1938. .. hewmssedséanbnes 1.964.605 
1937 :ieeidemiaebh 3,362,960 
1936 ne . 4,194,314 
RS + 40-0 ‘ 2,690,647 
1934 : (d) 1,913,735 
Sun Oil Co. 
ae a 3.085.119 
ee ‘ piedres 9,544,085 
1936 — eee ee 7,563,554 
1935. . — ; Noes 7,100,239 
1934. . - ' eats 6,650,464 
The Texas Corp. 
1968...... sia ibis 23.139.030 
ES cccee ; ponies wee 54,574,319 
Es ene ian 38,260,341 
1935. . , ere err 17,065,037 
1934... : sak teed eaes 5,545,205 
Tide Water Associated Oil Co. 
1938 peen hoe eat 10,427,273 
1937 i ; 15,801,383 
aa 5 scbiesais 10,217,928 
1935. . seas 7,865,701 
1934 : ; pha 5,810,657 
Union Oil Co. of California 
1938... 5 Sante , 6.862.758 
5967.... : , : ; 12,061,332 
1936... . . ; 6,133,398 
1935... 5,038,286 
1934... ‘ , 2,902,733 
(d) Deficit. (e) On preferred stock. 
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Net 
Working 
Capital 


$2,368,575 
2,374,122 
1,726,067 
2,149,116 
2,323,826 


84,619,113 
54,800,185 
52,628,694 
41,353,931 
39,068,934 


224,506,869 
223,646,989 
166,291,713 
186,858,832 
184,148,471 


64,489,533 
61,529,257 
58,160,244 
62,647,719 
80,120,833 


174,727,455 
156,367,152 
165,331,918 
170,876,326 
182,889,895 


489,684,138 
434,929,054 
432,337,756 
425,337,478 
407,165,346 


13,719,806 
10,625,869 
12,764,256 
11,245,428 
8,670,081 


31,085,619 
23,813,873 
20,628,939 
20,043,466 
16,250,464 


113,780,180 
127,058,606 

93,179,802 
125,756,164 
119,372,463 


40.361 .831 
42,019,706 
31,990,255 
33,682,501 
41,220,500 


39.408.084 
41,888,136 
36,147,816 
35,545,741 
35,976,560 


Net 
Capital 
Assets 


$2,968,905 
6,273,767 
5,750,047 
5,660,271 
5,523.004 


262,819,975 
269,950,839 
262,438.076 
261,648,294 
260,050,464 


44,455,396 
40,868,979 
38,014,854 
33,260,799 
31,527,488 


479,173,355 
457,125,753 
424,296,564 
400,094,099 
400,204,514 


449,350,905 
449,046,236 
448,223,894 
445,640,587 
$37,191,071 


394,827,700 
371,586,035 
347,502,925 
366,184,636 
175,715,684 


1,172,251,955 
1,193,534,803 
1,042,421,175 
1,054,520,041 
1,082,380, 163 


42.614,255 
39,874,172 
34,730,917 
34,427 880 
35,771,654 


79,192,720 
74,090,757 
70,007 334 
62,787,994 
62,545,483 


339.074.007 
329,648,904 
295,631,713 
257,074,288 
266,660,893 





126,130,786 
123,923,854 
120,062,226 
117,806,358 
113,226,094 


115.792.578 
112,174,792 
107,856,361 
108,543,534 
107,956,010 


Funded and 


or Long 


82,427,000 
61,021,430 
58,764,000 
50,153,979 


53,581,227 


9.026.681 
11,734,598 
10,852,493 

8,756,859 

9,615,679 


127,511,486 
128,063,217 
68,372,972 
74,326,495 
85,014,584 


494,900 
5,000,000 
5,000,000 


10,346,658 
8,598,544 
4,094,689 

10,579,963 
8,413,670 


192.859.8338 





141 461,816 


6,929,358 


602,026 
741,915 
266,800 


21,386,250 
10,330,326 
6,467 583 
6,675,681 
6,500,000 


62.869.727 
65.667 412 
88,819,129 
93,253,676 
103,600,076 


38.386.548 
39,168,798 
15,925,172 
19,774,335 

2,504,892 


18.013.500 
18,026,500 
20,326,500 
21,525.500 


21,489,500 


(k) Exclusive of good will, patents, etc. 


No. of 
Term Debit Pref. Shares 


341,100 
341,100 
343,500 
388,166 
100,000 


64,500 
66,300 
66,300 
66,300 
67,000 


120.000 
120,000 
120,000 
120,000 
120,000 


100,000 
100,000 
100,000 
100,000 
100,000 


500.000 
500,000 
626,221 
626.221 


636,222 


No. of Com. 
Shares 


$1,244,383 
1,244,383 
1,244,383 
1,244,383 
1,244,382 


13,070,625 
13,070,625 
13,070,625 
13,070,625 
13,070,625 


995,348 
1,008,549 
1,088,549 
1,008,548 
1,008,548 


31,707,991 
31,708,452 
31,151,071 
31,708,456 
31,154,279 


13,102,900 
13,102,900 
13,014,754 
13,102,900 
13,102,900 


15,272,020 
15,267,030 
15,196,241 
15,215,677 


15,215,677 


26.618.065 
26,224,767 
26,224,767 
25,856,081 
25,856,081 





2,030,988 
1,893,982 


10,876,882 

10,875,006 
9,336,739 
9,340,069 
9,349,733 


6.373.253 
6,309,175 
6,288,512 
5,642,342 
5,631,341 


4.666.270 
1,666,270 
4,386,070 
4.386.070 
4,386,070 


Surplus 


$2,994,781 
2,343,374 
3,084,451 
1,843,158 
1,416,694 


17,661,533 
17,350,251 
11,579,155 

3,419,589 
(d) 18,435,042 


24,588,248 
16,297,582 


11,647,109 





213,664,902 
189,654,276 
157,766,869 
146,736.060 
138,588,901 


236,967 035 
229,298,177 
217,070,827 
212,453,308 
211,733,009 


280,850,326 
284,891,637 
265,367 464 
253,904,946 


226,267,121 





562.863.025 
562,569,681 
$91,093,355 
$48,127,942 
449,062,205 


19,327.77 

18,682,477 
17,112,466 
15,275,632 


13,184,984 


11,182,964 
10,953,754 
10,053,004 
9,512,101 
9,609,319 


188.912.882 
187,358,901 
135,946,875 
103,074,635 
10%,232,978 


30.462 060 
28,285,935 
25,634,444 
21,336,760 
20,620,669 


22.953.078 
21,691,244 
15,868,299 
14,120,970 


13,914,222 


4] 








® 
fey PP mawek siwes 









W. P. Staff 
Liquified gas plant at Standard 
Oil Company of New Jersey’s 
Bayway refinery, Elizabeth, N. J. 


gasoline were especially weak. Contrariwise, 
the improvement in prices in the June period 
in the Mid-Continent, caused a reversal in the 
situation for companies operating there and 
rapid recoveries were scored in the second 
quarter. 

In spite of the adverse profit showing in the 
March quarter, during which time at least 
ten of the leading companies failed to cover 
their dividend requirements for the period, 
there was no interruption in the regular 
quarterly payments. It is likely, moreover, 
that some companies fell somewhat short of 
their common dividend coverage in the June 
period, yet their usual payments, or the 
equivalent, were ordered. Changes which 
were made affected so-called extra or special 
interim payments. 

Of the 25 companies used in WorLpD 
PETROLEUM’S tabulation, all, with the ex- 
ception of Skelly Oil Co., Standard Oil Co. of 
California and Shell Union Oil Corp., pro- 
vided for the same payments this year to 
June 30th as a year ago. 

In the case of Skelly, a payment of 50 cents 
on common stock was made on July 25th, 
1938, characterized as an “interim” dis- 
bursement, but none has been provided to 
date. Standard Oil Co. of California has con- 
tinued to pay regular quarterly dividends of 
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25 cents a share but the amount of the extra 
has been reduced to five cents, from ten cents 
a year ago. Shell Union, which disbursed an 
interim payment of 35 cents a common share 
in 1938, paid out only 25 cents this year. 

Standard Oil Co. (N. J.) paid the usual 
semi-annual cash dividend of 50 cents plus a 
special of two shares for each 200 shares of 
stock held, thus disbursing, in value, the 
equivalent of the 1938 dividend. 

An important development this year for 
oi] companies has been the amount of new 
financing or refunding undertaken. Such 
financing thus far in 1939 for six major com- 
panies has entailed the sum of $271,000,000 
with a deal involving probably $50,000,000 
for another company pending. Financing for 
the first seven months of 1938, hence, includ- 
ing the $50,000,000 contemplated, will almost 
approach that undertaken by major com- 
panies during all of 1938. 

The large amount of available capital funds 
and low interest rates are chiefly responsible 
for new financing for the industry which, 
because it is a natural resource one, must 
continue development work for new oil 
reserves and improve its refinery equipment 
in order to maintain its competitive position. 
Another reason is the curtailment in earnings 
in the last two years which, after dividend 
payments, has left insufficient capital for 
management to continue such development. 

Socony-Vacuum Oil Co. this year has 
undertaken the largest refunding operation. 
It involved $125,000,000 of securities, of 
which $75,000,000 were held privately by five 
large insurance companies, and $50,000,000 
held by the public. The $75,000,000 repre- 
sented 3!4 percent debentures, due in 1955, 
and were refunded into 27% percent deben- 
tures to run for 18 years with only four insur- 
ance companies, while the $50,000,000, which 
were 314 percent debentures, were refunded 
into three percent obligations. 

Shell Union Oil Corp., only a few weeks ago 
offered $85,000,000 of new 15-year 21% per- 
cent debentures to redeem $57,427,000 of 3144 
percent debentures due in 1951 held by the 
public and $25,000,000 of 354 percent de- 
bentures due in 1953, held by an insurance 
company. 

Texas Corp., in April, last, sold $40,000,000 
of three percent debentures, due 1959, rep- 
resenting new financing. The proceeds were 
added to general corporate funds to be used 
in development of oil properties, refinery 
expansion, etc., both in the United States and 
abroad. Texas’ total fund and/or long 
term debt now approximates $102,000,000, a 
$60,000,000 issue of 314’s also being out- 
standing in the hands of the public. 

Houston Oil Co. offered $10,000,000 of 15- 
year 414 percent debentures to refund 
$6,907,500 of 51% percent gold bonds due 
May list, 1940, and added the remainder to 
general capital funds. 

Phillips Petroleum Co. repaid $6,000,000 of 
its $15,000,000 of private borrowings and 
recently refunded the remaining $9,000,000 
into lower rate obligations. In addition it has 
outstanding $25,000,000 of debentures. 

Tide Water Associated Oil Co. has under 
consideration the offering of $50,000,000 new 








obligations, comprising $35,000,000 of deben- 
tures and $15,000,000 of serial notes. Pro. 
ceeds, it is planned, would be used to refund 
$36,250,000 of 314 percent debentures out- 
standing and due in 1952, and the remainder 
for general corporate purposes, a large part 
for installation of a catalytic refining process, 
A registration for the issues has been filed 
with the Securities & Exchange Commission, 
but the company decided, a few weeks ago, to 
defer the program for the present. 

Giving effect to the sale of new securities by 
companies, in addition to amounts required 
for refunding purposes, the funded and/or 
long term debts of oil companies have shown 
material expansion in the last two years, and 
in all probability are at the highest level in 
many years. 

As of December 31st, 1938, the amount of 
such indebtedness of 18 firms included in the 
following tabulation was $855,549,194, where- 
as a year earlier 16 had outstanding only 
$628,150,432. With the new financing under- 
taken by several corporations this year, aside 


from refundings, it is evident that fixed | 
indebtedness of the 18 companies now is | 


slightly in excess of $900,000,000. 

Largely because of new financing in 1938, 
the working capital of the 23 American oil 
companies in the following tabulation showed 
a substantial increase. It totaled $1,752,000,- 
000 at the close of that year and compared 
with $1,555,000,000 a year earlier. 

With all the 1938 income accounts for the 
American oil industry now at hand, it is 
revealed that profits for these 23 companies 
were 46 percent smaller than in 1937, and 


amounted to $324,717,742. The record was f 


$607,423,900 established in 1937. 
The only company to establish a record on 


profits in 1938 was Creole Petroleum Corp., J 
the Venezuelan subsidiary of Standard Oil § 


Co. (N.J.). Because of its overseas opera- 
tions it is not included in the grouping of 23 
American companies. 


American producing companies last year J 


came through with the best profit showings 
since their operations were affected only by 
restrictions on output and a 12 percent 
reduction in crude prices in October. The 


report by Barnsdall Oil Co., showing a 48 § 
percent increase in profits, was not the result | 
of operations but resulted because the 1937 | 


profits were sharply reduced by certain non- 

recurring adjustments in connection with 

property acquisitions and disposals. 
Mid-Continent integrated companies 


— 


suffered the most serious setbacks in profits 
since it was in that area during 1938 that ff 
price levels for gasoline were subnormally 
low. For these companies the reductions in 
profits ranged from 50 percent to 80 percent ; 


as compared with 1937. 


In the accompanying tabulation is shown 
net income and per share earnings for 1938, 
together with working capital, funded and or f 


long term debts, and other pertinent finar § 


cial data for 23 American companies and for 
two companies overating abroad, the Im- 
perial Oil Co., Ltd., and Creole Petroleum 
Corp., both affliated with Standard Oil Co. 
(N.J.), for five years ended December 31st, 
1938. 


WORLD PETROLEU® 


CREE EEeReEaReoreeeremeeneenencee 











a th Gh ch on one a 





fi i ii ei 





~~ 
J 
CORO NR ee 


ler- 
ide 
xed 





W. P. Staff W. P. Staff 
B. P. Newton, vice-president of Gulf Oil A. H. Blondel, representative of Société 
Corp., who sailed for Europe on board the René Berg, sailed from New York to France 
me ~ ~ Normandie, leaving New York August 2nd. July 22nd on the Ile de France after three 
—Times Wide World Mr. Newton is in charge of the company’s months in the United States. Much of his 
38, Sheik Mohammed bin Isa al Khalifah—brother of overseas activities and will be making calls 
oil Sheik Hamid, ruler of the Bahrein Islands—who at Paris, Antwerp and London. 
-" arrived in New York July 28th on board the 
Conte de Savoia as guest of Pearl Associates. 
0,- Bahrein Petroleum Company, Ltd., is acting as 
red unofficial host for the Sheik, and he was met at 
the pier by M. W. Thornburg, vice-president, and 
was escorted through the city by motorcycle police. 
Sheik Mohammed is senior counselor at his broth- 
er’s court and successor to the throne. 





time was spent in acquiring information at 
Waukesha on octane testing equipment. 
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W. P. Staff —W. P. Staff 
B. R. Cunningham (left) of Caribbean Petroleum C. E. Patterson, who was recently 
Company talking to Bill Nutto of Reed Roller appointed training supervisor with 

—W. P. Staff Company, shortly before they bade adieu to Val Standard Oil Comvany of Venezuela, 
R. I. Dodson and F. Perez, executive representative Wittoch, New York equipment export representa- at Caripito, was also on the Santa Rosa 
and chief counsel for Andian National and Tropi- tive; they sailed on the Santa Rosa en route to —Shown here with Clay Johnson of 
cal Oil Corp. in Colombia, as they sailed from Venezuela, July 28th. Schaffer Tool Works (right). 
937 New York on the Santa Elena July 21st after a 
ore visit to the United States. 
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W. E. Gray, district superin- 
tendent at Temblador for 
Standard Oil Company of 
Venezuela, with his wife and 
A. V. Simonson, New York 
export representative (right) 
just before sailing for Vene- 
zuela on the Santa Elena 
July 21st, after spending a 
vacation touring the United 
States and visiting friends 
and relatives in Louisiana, 
Texas, Oklahoma and Cali- 


fornia. 


own & 





—Robert Yarnall Ritctie 

J. L. Mathieu, of Schlumberger Well Surveying 

Corp., at the Pan American air base at Port Wash- 

ington, N. Y., just before flying to France where 

51st, he will spend the next four months. In his absence 
rom Houston, P. Charrin, vice-president, rill ) 

take over his duties. - 
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NOVEL TERMS 


in New Iranian Oil Concession 


ConsDeERABLE interest has resulted from 
the recent announcement of the terms under 
which the Iranian Government has granted 
two large concessionary areas in northern and 
southern Iran to Algemeene Exploratie 
Maatschappij. By taking the immediate loss 
of annual payments the government will 
become an indirect partner in the venture 
inasmuch as it will receive its reward by 
participating to the extent of 50 percent in 
any net profits eventually made. In return 
for half the possible revenue for exploitation 
of these concessions, the government has 
agreed to waive any rights to duty on either 
production or exports, and all the other com- 
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plicated formuli of dead rent, import duty on 
equipment, etc. As it has everything to gain 
through success of the development the full 
and active support of the government may be 
expected by the concessionaire. 

This is a radical departure in the attitude 
of any government toward oil companies 
seeking concessions. It will be interesting to 
follow this experiment as to whether it finds 
favor with other concerns which may seek 
rights over petroliferous areas in Iran. 
Successful discovery of petroleum in commer- 
cial quantities may cause other governments 
to turn toward this type of agreement and fa- 
cilitate the negotiations of other oil companies. 


The northern of the two concessions has 
been granted for the search of both oil and 
mineral deposits, while the southern area 
covers only minerals because of an apprecia- 
ble overlapping of the territory of Anglo- 
Iranian in the vicinity of Qishm Island. The 
total area of the two concessions is about 
236,000 sq. km. The northern concession 
overlaps neither the revised nor older area 
which has been under exploration by Ang!o- 
Iranian, nor does it cover any part of the 
former concession of Amiranian Oil Company 
(Seaboard interests) which was abandoned 
about July 1st, 1938. 

Iranian capital will be invited to participate 
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Government Establishes Preci- 
dent in Agreement with Alge- 
meene Exploratie Maatschappij 
—To Waive Initial Payments for 
Share in Eventual Profits—Anglo- 
Iranian Oil Company Cedes Half 


of 200.000 sq. mi. Concession. 


in this development to the extent of 49 per- 
cent of the total, under the agreement, in the 
case of any public capital issue being made at 
any time. In any case, the bulk of the capital 
must remain in Iranian or Netherlands hands 
and the government has reserved the right to 
appoint a representative on the boards of the 
subsidiaries. 

Separate subsidiary companies will be 
formed for the individual concessions and will 
be exempted from all import and export 
duties, and all present and future national, 
local and other taxes, with the exception of 
the four percent on net income. Currency 
restrictions will not be binding on the com- 
panies, nor will any restrictions be imposed 
on the imports of any materials necessary for 
the company’s operations or for the export of 
petroleum. 

The concessions are granted exclusively to 
the company for a three year period, but may 
be cancelled after one year or after the second 
year. Both oil and mineral exploration must 
commence within six months of ratification 
and a minimum of FI. 500,000 ($250,000) has 
to be spent—FI. 100,000 ($50,000) in the first 
year and FI]. 200,009 ($100,000) in each of the 
subsequent years. The company is free to 
proportion this expenditure between oil and 
minerals as it sees fit and, should the search 
be successful, exclusive exploitation rights 
will be granted for 60 years. 

No systematic prospecting has been carried 
out in either the northern or southern areas 
for oils or minerals, although several minerals 
are known to exist in both. Oil search will be 
concentrated around the lower half of the 
northern concession at the start, to the west 
of the existing oilfields of Anglo-Iranian. Any 
petroleum discovered will, in the first instance, 
be marketed in Iran. 


ANGLO-IRANIAN 


Details are now available of the revised 
concession of Anglo-Iranian Oil Company, 
Ltd. Under the original terms, the company’s 
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concession covered some 500,000 sq. mi., but 
a number of vears ago this was reduced to 
200,000 sq. mi. with the proviso that a 
further 100,000 sq. mi. must be ceded to the 
government by the end of 1938. After detailed 
surveys during the past five years the com- 
pany has picked out the area which it con- 
siders most favorable with regard to oil 
potentialities, and has given up a strip along 
the northern and eastern part of the conces- 
sion of 1933-1938. It might be noted in pass- 





ing that despite the lack of favorable results 
obtained in the wildcat well drilled at Qishm 
Island a decade ago, the company has re- 
tained that district within the revised con- 
cession. Possibly the discoveries made due 
west on the other side of the Persian Gulf 
have necessiated a revision of the structural 
geology of this region. It may also be noticed 
that the concession covers a number of other 
islands in the Gulf, and an appreciable strip 
in tide-water. 


Abadan refinery is probably the largest in the world as a result of 


the steady expansion and modernization by 
Company, Ltd. 























































Anglo-lIranian Oil 
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EARNINGS 


Contrast with Severe Reductions 


By Alee H. Day 


ALrxovcs British oil companies escaped 
the worst of the 1938 slump that left such a 
deep imprint on the earnings of American 
concerns, annual reports of the British under- 
takings now available, and statements of 
chairmen at annual meetings, emphasize the 
adverse effect on the oil industry of depressed 
general trade and disturbed European poli- 
tics. But the relatively small extent of the 
decline presents a striking contrast with the 
severe reductions on 1938 earnings in the 
United States oil industry. 

Results of British oil companies do not 
reflect conditions in any one country alone. 
Discovery of any two concerns operating in 
even approximately similar conditions would 
be extremely difficult. Nevertheless, nearly 
all the companies whose figures are analyzed 
below are concerned largely with selling for 
the British market or actually distributing in 
the United Kingdom. 


Profit 
1938 
£ 

Anglo-Iranian....... 6,109,477 
Apex Trinidad*...... 239.814 
IIR “or: dracon, widtacahs 4.015.246 
Lobitos See 252,232 
Shell Transport ..... 6.630.590 
Trinidad Leaseholdst 534,870 


*Year to September 30. 
tYear to June 30. 


These results present a marked contrast 
with those of leading American oil companies, 
which reported profit declines in 1938 ranging 
from about 30 percent to over 60 percent. 

Range of British profit losses is only from 
3.5 percent in the case of Burmah to 20.8 per 
cent in the case of Trinidad Leaseholds, while 
the Shell Company, like the Royal Dutch, 
actually reported a small profit increase last 
year. Ignoring Shell’s small increase, the 
average fall in earnings reported by the six 
individual companies is only slightly over 10 
percent. 

Differences of marketing conditions during 
the year in Britain and America supply an 
obvious reason for the divergence of company 
experience. The big American concerns are 
international in scope, but were directly 
affected, nevertheless, by the unfavorable 
course of events in their home market. 

Production of crude in the United States 
was maintained at a high level, but even so 
was insufficient to meet the refinery demand. 
Refinery activity developed in spite of the 
unfavorable effect of trade depression on 
motor fuel consumption and the reduced 
offtake of fuel and lubricating oil as a result 
of reduced industrial activity. 
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Excessive refinery operations had a per- 
sistently depressing influence on selling prices, 
already predisposed to weakness by the fall- 
ing off of demand, and finished by breaking 
the crude price structure. In the resulting 
conditions of disequilibrium, no oil company 
could be expected to maintain its profits at 
anything approaching the 1937 level. Oil 
results in 1938 were ruined by competition 
within the industry. 

Both in turnover and prices, the United 
Kingdom market presented a happier picture, 
although the decline in the price of motor 
spirit in the British market was actually 
heavier than in the United States. 

Lower Gulf prices for motor spirit and 
reduced tanker freights were reflected in a 
fall in the average selling price of No. 1 grade 
motor spirit of nearly 1d. per gallon. Exclud- 
ing tax, the average was 10.2d. per gallon for 
1938, compared with 11d. for 1937. Such a 


Profit Increase or Decrease 
1937 

£ £ Percent 
7.455.004 —1,345.617 — 18.0 
260.935 — 21.121 —8.1 
4.162.285 — 147,039 —3.5 
262.637 — 10.405 —4.0 
6.616.489 +14,101 +0.2 
675.101 — 140.231 — 20.8 


decline looks large against the fall from 14.58 
cents to 14.07 cents shown by the American 
A. P. I. figure of service station prices in 50 
cities. 

British quotations for No. 1 spirit represent 
only a portion of the turnover of motor fuel. 
The great part of the business consists of 
commercial spirit, sold largely under contract 
at highly competitive prices. These prices 
follow roughly the course of the first grade 
price, but were probably not subject to the 
uneconomic competition which cut United 
States oil profits so severely. 

Immunity from intense competition also 
applied to a good many other oil products, 
published prices for which showed little 
change on the year apart from a substantial 
reduction in lubricating oil quotations. 

Taken as a whole, prices in Britain were 
relatively steady, and the effect of their 
steadiness was accentuated, as far as oil 
profits are concerned, by an expanding 
demand. Judged on the basis of customs 
releases of hydrocarbon oils, United Kingdom 
consumption of all products compared very 
favorably with the trend in America. De- 
mand rose from 61,535,000 bbl. in 1937 to a 
new high record of 62,188,000 bbl. 





im U. §. A. 


The figures do not give a complete picture 
of consumption, since they exclude light coal 
and shale oils and power alcohol. But they 
show plainly enough that whereas United 
States demand for crude and all products, 
including exports, fell by about two percent, 
British consumption actually increased. The 
effect on the trend of oil profits in the two 
countries is important. 


That British consumption should have 
shown a rising trend in the fact of a trade set- 
back is doubtless due to the wider uses al- 
ready attained by petroleum products in the 
United States, and the highly motorized state 
of that country. No one would suggest for a 
moment that America is anywhere near the 
saturation point in relation to petroleum 
consumption, but in view of the relative 
backwardness of the United Kingdom, the 
impulse towards expanding absorption of oil 
products is obviously greater there than in 
America. The gap to be filled in Britain by 
further motorization is larger, and the flow of 
new development to fill it is correspondingly 
stronger. 

This aspect of British oil distribution is 
evident in the consumption figures. Improve- 
ment in the aggregate was more than ac- 
counted for by the rise in releases of motor 
spirit, which advanced by 2.3 percent to 
38,526,000 bbl. Despite competition, motor 
spirit is one of the highest priced products, 
with consequent scope for profit making. If 
the percentage profit taken in Britain was 
infinitesimal, as it undoubtedly was in most 
cases, the companies derived some compensa- 
tion for low 1938 prices by an increased turn- 
over. 

Resistance of British oil profits to the de- 
pression in the industry may therefore be 
attributed to a better volume of business, 
carried largely on invariable overheads, and 
the possession of a more compact market. 
The second factor is important, for with 
relatively few companies operating, and no 
production problem, the United Kingdom 
obviously presents better opportunities than 
the United States for keeping competition 
within bounds. 

Last year’s difference between British and 
American company results were largely due 
to the distance of the British market from the 
disturbing factors in the world oil industry 
emanating from the United States. Although 
the fall in American prices may have been due 
partly to circumstances outside the contro! of 
the industry, there is no doubt that develop- 
ments in the United States, as the largest 
producing and consuming country, were the 
main cause of the universal weakness of 
petroleum prices. American oil companies 
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naturally felt the impact of oil depression 
more forcibly than countries further removed 
from the centre of disturbance. 

In the case of some British undertakings, a 
‘ertain time-lag between market changes and 
the effect of those changes on financial results 
is always possible. To the extent that this 
state prevails, the companies concerned may 
show in 1939 some part of the effects of 1938 
depression. 

That fact may affect the relative trend of 
British and American oil results during the 
current year. Although it is as yet too soon to 
make predictions in a world disturbed by 
many political and trade uncertainties, the 
current course of the industry suggests that 
the divergence of experience between oil 
companies in the two countries will be much 
less marked this year than it was in 1938. 

Confidence in the oil industry’s future is 
suggested by financial policies of British oil 
companies, as indicated by recently published 
statistics. Most of the leading concerns and 
many smaller but important undertakings 
have been investing money in oil assets in a 
manner not seen since the early days of the 
industry. 

Reflected in their annual reports, this has 
meant a striking increase in fixed assets and a 
corresponding reduction in liquid resources. 
Some idea of the extent of this increase is 
shown by the accompanying table, which 
deals with the changes, from 1937 to 1938, of 
the fixed asset items of some of the large 
companies in Great Britain. 


FIXED ASSET CHANGES 
Company 1937 1938 


Shell Transport. . £36,281.805 £40,798,325 
Anglo-Iranian......... 30,716,885 34,264,435 
Canadian Eagle “s 8,356,229 10.258.782 
Anglo-Egyptian......... 3,072,685 3.240.670 


These capital expansions were made by 
means of funds obtained by cashing in liquid 
items held by the companies. Shell Transport, 
being a holding company, increased its invest- 
ments in and advances to subsidiaries. Anglo- 
lranian’s rise may be attributed to its ener- 
getie development of the Gach Saran district 
and to augmentation of equipment at the 
Abadan refinery. Canadian Eagle’s increase 
was a result both of additional investments in 


AUGUST 1939 





subsidiaries and of new exploration outlays as 
well as expenditures for new tankers and in- 
creased stocks of refined oils. Anglo-Egyptian 
made new developments at Ras Gharib and 
also invested in additional refinery facilities. 

Several other companies obtained funds by 
new financing. Venezuelan Oil Concessions 
used part of the funds it obtained in this 
manner to repay temporary advances made 
by Anglo-Saxon and put the balance into its 
capital assets. Attock and United British Oil- 
fields of Trinidad both obtained funds by new 
issues, and while most of the funds so acquired 
still are held in liquid form, they are ear- 
marked to follow the small portion that al- 
ready has been expended on capital resources. 

Use of additional funds in fixed assets with 
a concomitant decrease in cash or its equiva- 
lent is thrown into relief by the strength of the 
impulse towards financial liquidity now per- 
vading British financial and business life. 
Most business men have been refusing to 
invest and some sections have instituted a 
debtors strike by delaying payment of trade 
accounts in their desire to keep cash in hand. 
Oil companies, on the contrary, have been 


handing out cash to obtain assets, which, 
however valuable, are of an unrealizable 
character. 

Any search for an explanation of this 
anomalous policy might consider the fact that 
the companies, with the exception of Attock, 
are connected, in one way or another, with the 
Royal Dutch-Shell group. The explanation 
presents itself, that this may reflect the long 
term policy of the Royal Dutch-Shell group. 

Three explanations of the discrepancy 
between oil company and other business 
policies are possible. The fact that all these 
companies have embarked on an expansion 
of assets may be no more than fortuitous. It 
may reflect the view of the controlling group 
that the outlook for oil is so good that the 
development, and the consequent use of 
additional cash resources, is an advantageous 
move in long-term policy to build up! future 
reserves. A third explanation would be that, 
despite the intense desire for liquidity that 
has been felt in other lines, the companies 
concerned have a greater faith in the posses- 
sion of tangible assets than they have in any 
kind of currency. 


General view of distillation plant, Manchester 
Refinery Ltd., England. 




















































Continuous Regeneration Process Aids Removal of 


HYDROGEN SULPHIDE 


By H. N. LaCroix and L. J. Coulthurst 


Design Engineers—Foster Wheeler Corp. 


Shell's Tri-Potassium Phosphate 


Treatment Operates at Compara- 


tively Low Temperatures, Has No 


Corrosion Problems — Inexpen- 


sive Installation and Mainte- 


nance Costs 


HilyprocGeEN suLPHIDE may be readily and 
cheaply removed from both liquid and gas- 
eous hydrocarbons by a new regenerative 
process developed by Shell Development 
Company.* Removal of H.S is of the utmost 
importance to refiners and chemical manu- 
facturers, as well as to consumers of the fin- 
ished products. With the development of 
new methods for marketing and utilizing the 
lighter components of crude oils, the removal 
of H.S assumes even greater importance to 
the refiner. 

Among the detrimental effects are loss of 
product, reduction in process efficiency, and 
high maintenance costs due to corrosion of 
equipment. These apply particularly when 
H.S is present in charge stocks to polymeri- 
zation plants, alkylation units, and in the 
production of iso-octane, hydrogen, aliphatic 
alcohols, various organic chemicals and lique- 
fied propane and butane, also in natural gas, 
whether for domestic or industrial consump- 
tion. The H.S forms mercaptans, organic sul- 
phides, and other sulphur compounds with 
the hydrocarbons, or deleterious reaction 
products with some catalysts or treating 
agents, in addition to having unpleasant odor 
and poisonous influence upon the human sys- 
tem. Sulphur compounds in the final products 
are difficult and expensive to remove by after- 
treatment; consequently prior treatment of 
both liquids and gases is generally preferable. 
Even if the sulphur compounds are subse- 
quently treated, the quality of the final prod- 
uct may be impaired by reducing the octane 
rating or blending value of motor fuel. 

Hydrogen sulphide may be removed by a 
number of methods and caustic soda wash is 
the simplest and probably the oldest. This 
method is effective, but for every pound of 
H.S removed, 1.2 lb. of caustic soda is used. 


*U.S. patent numbers: 1,945,163; 2,110,403; and 2.157.879. 
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The soda is irretrievably lost and the cost of 
operating the process is high. Shell Develop- 
ment Company’s process is based on the inti- 
mate contact with aqueous solutions of a 
single compound, tri-potassium phosphate, 
which does not have these. 

The tri-potassium phosphate method of 
H.S removal acts in a manner similar to that 
of caustic soda, since the solution acts as an 
alkali to H.S in absorbing it from its gas or 
liquid hydrocarbon carrier. The new process 
differs radically from the caustic soda method, 
in that, after absorbing the H.S, the solution 
will readily reverse its characteristics and ex- 
pel the H.S when heated to the boiling point. 
This permits the absorbing chemical to be 
reactivated continuously, thus restoring it to 
its original form. 


FUNDAMENTALS 


The tri-potassium phosphate process for 
H.S removal from hydrocarbon gases and 
liquids is a continuous regenerative process 
based on absorption of H.S to form compound 
which may later be broken down by heating 
to a temperature slightly higher than the boil- 
ing point of water. Only cooling water and 
steam, or some other heating medium, are re- 
quired for its operation beyond the initial 
charge of phosphate. 

When treating large volumes of hydro- 
carbons having high H.S content, it is pos- 
sible to recover the sulphur economically, 
either by conversion into elemental sulphur 
or sulphuric acid, or as H.S, essentially free 
of hydrocarbons or mercaptans. 

The absorption reaction is reversible and 
may be expressed as follows: 


HS plus K;:P0.->¢_KSH plus K.HPO; 


The direction of the reaction is controlled by 
temperature while the driving power of the 
reaction depends upon the ratio of tri-potas- 


sium phosphate to potassium acid sulphide, 

The treating medium is a stable inorganic 
salt solution having a specific gravity vary- 
ing between 1.2 and 1.5. Basic ingredients 
for its manufacture are common caustic pot- 
ash and phosphoric acid, both of average 
commercial purity and readily available at 
reasonable cost. They are used at a ratio of 
approximately three mols of KOH per mol of 
H;PO,. The solution is easily made and 
handled, and is not poisonous, volatile, cor- 
rosive or inflammable. 

The concentration of the treating solution 
for use in this process depends on the H.S 
content of the liquid or gas to be treated, 
desired purity of the product after treatment, 
treating pressure and treating temperature. 


REGENERATION SECTION 


Foul solution from the base of the gas 
scrubber is conducted through a series of 
heat exchangers in which the desired preheat 
is obtained from the hot regenerated treating 
solution, and is then ready to be regenerated. 
Regeneration is accomplished simply and 
quickly by holding the solution at the boiling 
point a short time until the reversal of the 
absorption reaction has taken place. A simple 
kettle-type reboiler is all that is required for 
this purpose. The boiling takes place nor- 
mally at temperatures in the vicinity of 225 
to 240 deg. F., and, hence, exhaust steam 
from the pumps may be used as a source of 
heat. The chemical reaction is reversed and 
the solution restored to its original compon- 
ents, ready for recirculation. Hydrogen sul- 
phide, saturated with steam, is evolved within 
the boiler, conducted to a surge tank, and 
ultimately piped into the hydrogen sulphide 
stripper. There remains a strong, regenerated 
solution of tri-potassium phosphate, concen- 
trated in proportion to the amount of water 
boiled off. 





TREATED GAS 
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At the rear of the boiler the regenerated 
treating solution spills over a weir into a sump 


- from which it flows by gravity into the surge 


tank. The concentrated fresh treating solu- 
tion is continuously withdrawn by means of 
a pump and most, or all of it is passed 
through heat exchangers where its heat is used 
to preheat the cooler spent solution. This re- 
sults in economy of cooling water and heating 


and the two liquids are then thoroughly inter- 
mixed in the first stage contactor. From here 
they pass into a horizontal tank, identified as 
the first-stage phase separator, which oper- 
ates full of liquid. Here, the heavier, foul 
treating solution is segregated as a lower 
layer. The upper layer of lighter, partially- 
treated liquid hydrocarbon leaves at the top 
of the tank and flows into the second-stage 





laden with H.S, is treated only with partially- 
spent solution. The foul solution is returned 
for regeneration only after passing through 
both of the contact stages. 


REGENERATION SECTION 


The regeneration section for the removal of 
H.S from liquids is identical in general ar- 
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In this process live steam may generally be 
used for all of the pumping services within 
the unit. The exhaust steam from these 
pumps is used again as a source of heat for 
the boiling and regeneration of the foul phos- 
phate solution. The total steam requirements 
are further reduced by using heat exchangers 
to preheat the spent solution on its way to 
the regeneration system; cooling water re- 
quirements are likewise reduced. Although 
the treating solution consists largely of water, 
the system is closed, and loss of water is 
negligible. 


TABLE I 


Example of water and steam requirements 
for 100 lb. has removal gases of various con- 
taminations. 


Based on: Treatment to final purity of 50 grains per 100 
standard cubic feet. 
Absorbing temperature—170 deg. F. 
Pressure—200 lb. per sq. in. abs. 
Equilibrium Solution Concentration—2.0 Molal KsPO« 
Inlet Gas 
Grains HS per 100 s.c.f. 500 1000 2000 3000 
Percent H:S Removal 90 95 97.5 98.3 
Lb. steam per 100 Ib. 
HS Removed 1540 1010 860 780 
(Basis 50 Ib. /sq. in. ga. 
pressure) 
Gal. Water per 100 Ib. 
HS removed 7870 4920 4060 3600 


(Basis 20 deg. F. tem- 

perature rise) 

Gases have been handled with H.S content 
as high as 3,000 grains per 100 cu. ft. and the 
gases after treatment contained as little as 
15 grains per 100 cu. ft. Even lower H.S 
content may be obtained if desired. Treat- 
ment may be at whatever pressure the gas 
or liquid is flowing. The use of tri-potassium 
phosphate permits treatment of gases at tem- 
peratures up to 200 deg. F.—an appreciable 
advantage in preparing gases for polymeri- 
zation. 

A concentrated treating solution will retain 
more hydrogen sulphide per unit of volume 
than a dilute solution, but a dilute solution is 
capable of a more complete stripping from 
the fluid treated since it has a greater affinity 
for the H.S. This characteristic is utilized to 
complete the stripping of the hydrocarbon 
gas just before it leaves the unit by contact 
with dilute treating solution after an initial 
contact with stronger solution. These solu- 
tions of K;PO, normally range in concentra- 
tion from 1.0 to 2.0 molal. 

To illustrate the great affinity and capacity 
of tri-potassium phosphate treating solution 
for H.S, a 31.8 percent by weight phosphate 
solution (about 1.5 molal) will contain over 
3,000 times as much H.S as a mixture of 
liquid propane and butane in equilibrium 
with it, and after treatment, the propane- 
butane product at equilibrium contains only 
about 0.0006 percent by weight of H.S. 

Hydrogen sulphide may be satisfactorily 
removed from gases with tri-potassium phos- 
phate over a wide temperature range up to 
200 deg. F. Furthermore, the treating me- 
dium has a negligible solution eect for hydro- 
carbons, since an aqueous inorganic salt solu- 
tion is used. These characteristics of the 
process present distinct advantages in that 
entrainment of liquefied hydrocarbons with 
the treating solution may be prevented, and 
gas cooling requirements prior to treating 
may be reduced and possibly eliminated. 
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Control of the process is simple and plant 
operations may be made fully automatic, de- 
pending only on occasional specific gravity 
determinations of the phosphate solution, and 
Tutweiler or Orsat determinations of H.S in 
the outgoing product to obtain the desired 
control settings. Since it is only necessary to 
maintain the specific gravity of the phosphate 
solution, the operation of the process is inde- 
pendent of any special component ratios, acid- 
alkali balance or hydrogen ion concentration. 
There are no volatile components to pollute 
the purified gas or liquid products, and no 
deleterious side reactions take place. 

Experience in plant operation has shown 
that there are no equipment corrosion prob- 
lems. The materials of construction, there- 
fore, are simple and inexpensive; cast iron 
and low carbon steel are used throughout 
and no special alloys are necessary. Stand- 
ard heat exchanger and condenser practice is 
followed and either reciprocating or centrif- 
ugal pumps may be used. 


TREATING GASES 


Gases bearing H.S are exposed to intimate 
contact in a scrubber tower, first with a 
strong tri-potassium phosphate solution and 
then with a weak solution, in order to produce 
a treated gas that is relatively free of H.S. 
After absorbing H.S, the foul solution is re- 
generated by boiling, which reverses the 
chemical reaction, dispels the H.S, and re- 
stores the treating solution for recirculation. 
The heating evolves H.S vapor and evapor- 
ates water. These combined vapors are then 
separated in a stripper; H.S is vented at the 
top and water collected at the bottom. The 
water is returned to the top of the scrubber 
to be used again in making up the weak 
treating solution. 


TREATING SECTION 


In detail, gaseous charge stock containing 
H.S enters near the bottom of a scrubber, 
filled either with a system of bubble trays or 
with tower packing. As the gases rise, they 
receive a series of contacts with aqueous, tri- 
potassium phosphate solutions of two 
strengths; first, with a strong concentration 
having high capacity for H.S, in the lower 
half of the tower, and then with a dilute solu- 
tion, having affinity for H.S, in the upper 
portion of the tower. In this manner, the 
H.S content of the treated gas is reduced to 
a minimum before it leaves at the top of the 
scrubber, substantially free of H.S and ready 
for any further processing. 

The weak tri-potassium phosphate solu- 
tion, introduced at the top of the scrubber, 
flows downward through the upper half of 
the tower, countercurrent to the gas under 
treatment. Stronger solution, which is intro- 
duced near the middle of the tower, joins the 
weak solution, and the combined streams flow 
downward, absorbing H.S at a rapid rate. A 
reservoir for foul solution is located in the 
base of the scrubber. All of the H.S extracted 
from the gas is contained in the foul solution, 
in the form of potassium acid sulphide, and 
the solution flows continuously to the regen- 





eration section, generally under absorber pres- 
sure. 

Process handling losses may be neglected 
because the slight leakage of phosphate at 
stuffing boxes of pumps is readily collected 
and returned to the system. Heat for regen. 
erating the spent solution may be furnished 
by a direct-fire boiler or by any other heating 
medium, and the pumps may be motor-driven 
if desired. 


APPLICATIONS 


The tri-potassium phosphate process may 
be applied to treatment of hydrocarbon and 
other gases to recover a treated gas with H,S 
content as low as five to ten grains per 
100 cu. ft.; treatment of hydrocarbon liquids 
charged to polymerization or alkylation units 
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where H.S is deleterious to the process; treat- 
ment of gasoline prior to mercaptan removal; 
and recovery of H.S in concentrated form 
from gases and liquids for chemical use. 

The phosphate process for H.S removal has 
been thoroughly proven both in efficiency and 


TABLE Il 
CONVERSION FACTORS 
Grains per Hundred Standard cu. ft. vs. Ib. per Million Standard. cu. ft. 


Grains /100 s.c.f. 100 200 300 100 500 600 700 800 900 


Pounds ‘million s.c.f. 143 286 129 571 74 857 1000 1143 1286 


economy by experience gained from a number 
of commercial units in operation. It operates 
at minimum cost because it is completely 
regenerative, the utility requirements are low, 

- ° Grains Percent 20 30 50 60 
and substantially no replacement of chemical tee 
is required. The process is a practical means os = 087 


100 AE ATE .189 .204 


; 200 a ae 346 .362 
for removal of H.S from gases and permits oe ry ‘se $15 


operation at temperatures up to 200 deg. F. pao . “As 60 676 
For this reason, as well as the fact that the 600 94: 9: 333 93 
treating medium is an inorganic salt solution, 800 258 27 1.289 1305 
condensation and absorption of valuable hy- _— “ —_ 1.468 
drocarbons is negligible. 

The phosphate process requires only ordi- 
nary materials of construction, special alloys 


are not necessary, and plant cost is low. 


: Volume percent corresponding to grains per 100 standard cubic feet. 
In increments of 


100 grains per 
100 std. cubic 


feet. In increments of 10 grains per 100 standard cubic feet 





*636 Grains per 100 cu. ft. equals one percent. 


NOTE: Standard cubic foot measured at 60 deg. F. and 760 mm. absolute pressure. 


Courtesy Shell Development Company 


General view of large tri- 
potassium phosphate unit for 
simultaneous treatment of 
two refinery gases of different 
com positions, having a single 
regeneration section. The 
combined capacity of the 
two absorbers is 13,000,000 
standard cubic feet per day 
and the H.S is marketed for 
sulphuric acid manufacture. 
From left to right are the two 





absorbers, cooler and heat 
exchangers, surge tank, re- 
boiler, condenser and strip- 
per. 
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July Aug. Sept. Oct. Nov. 
1938 1938 1938 1938 1938 
United States 102,898,000 106,165,000 98,661,000 101,830,000 98,567,000 
Soviet Union‘ 18,200,000 17,600,000 17,500,000 17,400,000 17,250,000 
Venezuela 14,912,555 16,616,673 16,271,096 17,352,171 16,: 
Iran? 5,338,990 5,861,366 5,676,998 7,136,578 
Netherland India: Sumatra... . 2,814,237 2,901,321 2,917,167 3,049,196 3,015,432 
Borneo 1,061,980 970,690 1,069,872 1,123,102 1,090,009 
Java’.. 585,086 524,384 482,417 523,623 515,160 
Ceram 54,035 54,825 50,355 50,444 
mania 4,115,000 4,075,736 3,915,029 4,028,750 
I 6th ia dies ektonet oma 2,864,277 3,247,904 3,416,583 3,313,182 
ESE ee S eee EE eee 2,806,903 2,829,528 2,621,547 2,431,949 2,420,143 
ET Ce Teer 1,826,848 1,870,013 1,797,158 1,891,825 1,863,838 
Trinidad 1,500,171 1,505,959 1,514,893 1,594,480 1,503,489 
Argentina! 1,349,000 1,360,000 1,358,000 1,360,000 1,358,000 
Peru’ 1,335,623 1,328,143 1,280,691 1,331,111 1,303,990 
Bahrein® 699,176 713,149 714,349 708,962 613,281 
Burma’ 654,108 637 880 623,630 604,885 591,029 
Canada’ 693,332 817,706 886,111 685,088 445,514 
Brunei® ; “6 453,393 448,219 478,080 484,207 
Great Germany: Old Reich"... . 346,435 342,484 328,098 y 307,433 
Ostmark"........ Shksnd 31,062 29,453 26,772 43,697 29,000! 
Slovakia and Moravia. 9,333 11,015 10,933 13,747 10,502 
Poland 314,000! 328,115 321,134 330,412 318,000! 
Japan’ 216,707 217,525 170,597 220,451 224,255 
SE errr 241,191 225,897 217,058 210,348 197,809 
Ecuador 192,360 193,634 189,037 192,702 185,669 
Saudi Arabia 3,550 3,459 40,556 136,947 152,632 
Sarawak"? 132,007 107,102 123,476 223,165 115,952 
Egypt" 83,412 143,978 157,533 208,377 211,841 
Italian Empire: Albania"...... 46,049 4,998 68.655 Nil Nil 
Italy 9,378 9,057 8,267 8,622 8,533 
France 43,574 43,000! 41,104 42,296 40,797 
Hungary 25,888 30,900! 38,240 19,800! 43,303 
Bolivia! 9,500 9,200 8,500 8,800 8,500 
Other Countries" 6,000 6,000 50,000 18,000 50,000 
WORLD TOTAL . 165,873,160 171.234.333 163.034.936 168.952.001 


! Estimated. 


’ Includes natural gasoline naphtha production. 


' International Petroleum Company and Lobitos Oilfields, Ltd.. 


figures combined. 


Comparative Cumulative 
Daily Averages in Barrels 


United States. 

Soviet Union 

Venezuela 

Iran = : 

Netherland India: Sumatra 
Borneo. . 
Java... 
Ceram. 

Roumania 

Mexico 

Iraq 

Colombia. 

Trinidad 

Argentina 

Peru 

Bahrein 

Burma 

Canada 

Brunei » 

Great Germany: Old Reich 

Ostmark . 
Slovakia and Moravia 

Poland 

Japan 

British India 

Ecuador 

Saudi Arabia 

Sarawak 

Egypt ‘ 

Italian Empire: Albania... . 
Italy. 

France 

Hungary 

Bolivia 


Other Countries 


jJan.-June 

1939 1938 
3.437.481 3.330.807 
595.580 559.072 
545.262 =498,156 
218.421 8 223,559 
110.195 93,094 
36.934 35,261 
17,478 21,010 
2,291 1,696 
126.542 134,291 
92.448 = 106,738 
82.659 84,823 
57.591 57,586 
53,242 416,646 
50.580 44,884 
38.094 38.712 
21.120 23.901 
20.442 20,603 
17.925 16,129 
15.860 14,007 
12.272 10,390 
1.645 971 
324 362 
10.625 10.471 
7.333 6.011 
6.724 6,159 
6.146 6.138 
7.518 105 
3.714 4,446 
11,021 2,955 
3.918 1,545 
263 299 
1,370 1,440 
2.044 545 
278 293 
1.553 193 





WORLD TOTAL.. 


92 


5.616.893 5,403,298 





WoRLD 


Dec. 
1938 
102,287,000 
17,050,000 
16,744,163 
6,624,726 
3,177,589 
1,114,535 
529,658 
45,773 
3,969,300 
3,245,558 
2,290,777 
1,908,879 
1,664,322 
2,028,000 
1,321,883 
23,907 
651,495 
489,303 
510,500 
313,206 
34,259 
9.879 
316,702 
173,737 
217,528 
192,882 
139,038 
118,512 
221,156 
6,220 
7,937 
418,000! 
17.671 
9,000 
18,000 


Jan. 

1939 
102,490,000 
17,000,006 
16,489,347 
6,408,776 
3,129,007 





535,297 
49,200 
3,934,338 
2,470,000! 
2,414,878 
1,710,565 
1,652,412 
1,534,000 
1,251,162 
647,988 
650,000! 
531,564 
506,467 
332,592 
33,609 
10,546 
325,293 
224,885 
195,000! 
195,556 
155,605 
116,030 
308,946 
99,206 
7,511 
42,000! 
49,199 
8,800 
50,000 


* Russian Saghalin included with U.S.S.R. 


5 Anglo-Iranian Oil Company. Ltd.. figures revised 
fuel oil returned to the ground has been deducted. 


®° Bahrein Petroleum Company. Ltd., figures. . 


BARRELS 


Feb. 
1939 
93,475,000 
17,500,000 
14,899,459 
4,982,000 
2,969,950 
1,000,937 
503,441 
55,219 
3,638,020 
1,960,000! 
1,955,122 
1,633,621 
1,499,197 
1,430,000 
1,103,878 
610,766 
500,000! 
356,218 
453,571 
330,584 
46,666 
9,000! 
298,259 
218,594 
132,000! 
171,634 
170,865 
105,714 
301,102 
67,914 
8,090 
40,000! 
19,578 
7,000 
35,000 


Mar. 
1939 
106,768,000 
18,000,000 
15,646,415 
6,999,058 
3,393,286 
1,134,647 
550,097 
67,442 
3,973,053 
3,118,021 
2,699,272 
1,818,765 
1,630,789 
1,556,000 
1,210,288 
658,822 
640,000! 
384,461 
492,374 
395,181 
43,293 
10,000! 
333,618 
222,368 
230,000! 
181,938 
215,270 
115,980 
330,445 
125,440 
8,324 
42,000! 
7,261 
8,700 
50,000 






Apr. 
1939 
105,510,000 
18,100,000 
16,980,646 
7,244,370 
3,400,503 
1,123,474 
509,355 
82,914 
3,759,111 
3,140,120 
2,608,216 
1,826,928 
1,569,298 
1,549,000 
1,151,193 
629,336 
635,000! 
558,779 
466,328 
373,126 
54,375 
9,500! 
318,000! 
218,594 
215,000! 
175,896 
234,742 
110,982 
328,376 
244,576 
7,797 
41,000! 
67,000! 
8.500 
48,000 





7 Does not 


® Includes Madura. 


0 


All figures furnished direct to WORLD PETROLEUM by governments, except where otherwise specif 


May 
1939 
110,541,000 
18,500,000 
17,676,580 
7,000,000! 
3,602,543 
1,173,509 
530,273 
89,975 
3,839,580 
2,945,000! 
2,663,827 
1,710,000! 
1,645,040 
1,556,000 
1,078,426 
626,009 
640,000! 
713,450 
486,815 
409,782 
64,840 
10,000! 
330,000! 
221,229 
230,000! 
193,753 
281,325 
112,572 
369,972 
89,000! 
8,200! 
42,000! 
70,000! 
8,700 
50,000 


163,494,401 168.191.035 166.675.349 152,518,399 173,120,608 173,300,035 179,509,400 


include Assam or Punjab. which ar 
listed together under British India. 
§ British Malayan Petroleum Company, Ltd.. figures 


Official Crude Oil Production Figures for 1932 to 1938 (Revised) in Barrels 


United States 
Soviet Union 
Venezuela 
Iran 


Netherland India: Sumatra.. 


Borneo. 

Java 

Ceram.. 
Roumania.. 
Mexico 
Iraq ; 
Colombia. 
Trinidad 
Argentina 
Peru 
Bahrein 
Burma 
Canada 
Brunei 


Great Germany: Old Reich... 


Ostmark. 


Slovakia and Moravia. . 


Poland. 





Japan 
British India 
Ecuador 
Saudi Arabia 
Sarawak 
Egypt 
Italian Empire: Albania... . 
Italy. 
France 
Hungary 
Bolivia 


Other Countries 


WORLD TOTAL. 


t Preliminary 


1938 1937 1936 
1,213,254,000 1,279,160,000 1,098,516,000 
206,192,000 201,856,661{ 199,635,921 1 
173,506,497 187,675,477 155,270,840 1 
78,320,840 78,109,001 62,977,950 
34,538,128 33,451,511 30,469,428 
12,812,383 12,960,072 13,068,910 
6,955,283 7,152,931 3,618,293 
607,622 537,436 375,823 
18,366,000 52,395,725 63,532,846 
38,505,824 46,455,687$ 41,027,915 
32,404,000 30,603,660t 29,913,150 
21,581,588 20,297 ,543t 18,756,110 
17,736,176 15,502,989 13,237,030 
17,076,223 16,354,717 15,457,960 
15,908,279 17,459,112 17,593,069 
8,297,998 7,762,264 1,644,635 
7,499,498 7,847,553 7,587,718 
6,936,479 2,995,025 1,507,931 
5,387,214 4,397,038 3,296,938 
3,850,044 3,148,300 3,076,858 
370,038 221,266 50,092 
130,867 122,790 126,603 
3,828,438 3,799,862 3,869,575 
2,511,184 2,487,841 2,403,072 
2,330,209 2,161,653 1,978,329 
2,257,278 2,161,436 1,942,467 
495,135 64,968 19,777 
1,624,882 1,655,565 1,547,882 
1,561,231 1,163,267 1,262,666 
437,597 380,292 219,693 
106,083 112,700 129,653 
516,240 507,067 534,063 
330,829 13,910 100 
106,620 123,123 104,746 
213,000 70,000 37,100 











1935 


996,596,000 


84,008,033 
48,809,057 
57,520,488 


28,004,595 


13,529,185 
3,462,440 
311,872 


61,270,072 
40,240,563 


27,410,983 
17,597,655 
11,671,224 
14,297,025 
17,056,555 
1,264,807 
7,181,113 
1,447,204 
3,302,905 
2,967,438 
44,347 
136,580 
3,901,881 
2,294,878 
2,037,810 
1,731,785 


32,300 


1934 
908,065,000 
175,635,783 
136,098,681 
57,902,092 
26,336,011 
14,335,543 
3,778,920 
273,698 
61,849,306 
38,171,946 
7,639,849 
17,337,900 
10,894,363 
14,021,901 
16,314,381 
285,072 
7,278,859 
1,410,895 
2,705,350 
2.204.402 
27,965 
177,797 
4,011,336 
1,872,837 
1,921,863 
1,636,619 
Nil 





17,500 
162,449 
700,000 

Nil 
157,875 


64,000 


1933 
905,656,000 
155,596,429 
117,113,940 
54,440,075 
22,345,172 
15,003,175 
3,600,816 
285,335 
53,919,708 
34,000,830 
1,094,915 
13,156,126 
9,561,353 
13,690,556 
13,257,318 





1,145,335 
2,035,656 
1,656,602 
5,765 
121,695 
4,174,079 
1,504,412 
1,628,803 
1,619,902 
Nil 
2,206,815 





111,973 
54,100 





WORLD PETROL 


1,966,585,707 2.041,168,442 1,797,891,143 1,652,023,331 1,516,760,036 1,438,797,443 1,305 


i 


Preliminar, 
Figures 
June 
1939 
103.400.009 
18.700.000 
17,000.00 


6.900.000 
3 1m 
1.137, 














171,533,822 


1932 
785, 159,00 
155,927,% 





115,615,782 
49,516,6% 
18,570,% 
15,228,615 

3,837,12 
309,95: 
53,651,% 
32,805,4% 
87,84 
16,415.21) 
10,126,121 
13,138,74 
9 899,265 
92 

7.073 45° 
1,044. 
1,200,02° 
1,594,80 
804 

126,60 

4,219,634 

1,683,435" 

1,743.87! 

1.597.641 

Nil 
2,329,753 
1,071,%% 

921: 

242,50 
755,1" 
Nil 
41, 
73,30 


574,28 


EU” 





igures 


l nite 
Sovie 
Vene: 
Iran 

Neth 


Rour 
Mexii 
Iraq 

Colo: 
Trini 
Arge! 
Peru 

Bahr 
Burn 
Cana 
Brun 
Grea 


Pola 
Japa 
Briti 
Ecug 
Saud 
Sara 
Egyr 
Itali 


Fran 
Hun 
Boli 
Oth 


wo! 


Unit 
Sovi 
Ven 
Iran 
Net! 


Hu 
Ou 


iPRODUCTION 









































ouuae 
os igures in U. S. barrels of 42 gal.—Conversion ratios used are weighted averages for individual countries 
METRIC TONS 
Preliminary 
Figures 
July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June 
1938 1938 1938 1938 1938 1938 1939 1939 1939 1939 1939 1939 
United States.............. ... 13,939,606 14,507,243 13,189,481 13,785,028 13,343,306 13,846,893 13,874,374 12,653,243 14,445,677 14,275,470 14,956,000 13,900,000 
it Bs ccscwesenasenens 2,497,000 2,414,000 2,401,000 2,387,000 2,366,000 2,339,000 2,332,000 2,400,000 2,469,000 2,480,000 2,536,000 2,590,000 
CM, cna cdwacexscvecs anaes 2,205,195 5,545 2,404,477 2,564,234 2,417,054 2,474,385 2,438,207 2,201,782 2,323,150 2,521,254 2,624,585 2,525,000 
Iran Pe Ee Pee ee incon 706,120 775,208 750,824 943,864 955,040 876,168 $49,376 660,400 927,608 960,120 920,000! 918,000 
Netherland India: Sumatra... . 389,439 391,566 409,288 404,756 426,522 420,001 398,651 $34,424 435,476 $61,214 442,900 
Borneo.... 130,294 143,607 150,752 146,310 149,602 149,741 134,354 146,543 142,552 150,238 144,000 
Java’... 70,387 64,754 70,285 69,149 71,095 71,852 67,576 70,426 65,210 67,888 71,000 
Ceram 7,359 6,759 6.771 6,141 6,144 6,604 7,412 8,634 10,615 11,519 9.000 
Roumania....... 556,415 534,475 550,009 525,232 541,884 537,111 496,658 538,719 509,710 520,621 510,000 
DOE, .iceesese § 482,171 507,212 491,862 460,025 481,823 367,000! 291,000! 157,859 461,104 132,000! 155.000 
Iraq ee wialeatk 376,415 379,395 351,508 326,086 324,503 312,734 323,797 262,151 360,817 348,648 356,079 351,000 
Colombia... . 254,669 260,629 250,475 263,669 259,768 266,046 238,406 229,371 253,663 254,802 238,000 240,000 
Trinidad... . 211,113 211,928 213,185 224,385 211,580 234,214 232,537 210,413 229,306 220,717 231,370 231.000 
Argentina’... 192,200 193,800 193,500 194,000 193,500 288,930 218,000 202,000 221,000 220,000 221,000 217.500 
Peru shi tes Cas a age 168,725 176,006 167,718 177,893 172,805 175,667 166,281 146,286 159,774 151,973 142,367 146,000 
Bahrein®......... 95,428 97,279 97,479 96,660 83,585 85,009 $8,264 83,180 89,811 85,920 $5,353 88.700 
Burma’ 90,309 88,068 86,101 83,548 $1,634 89,985 89,100! 70,000! 90,000! 87,800 90,000! 87.800 
Canada’ 87,586 103,298 111,686 86,545 56,280 61,812 67,151 15,000 57,640 71,109 90,793 88.500 
Brunei® er re 59,464 58,772 62,688 62,607 63,491 66,939 66,410 59,474 65,749 62,27 65,007 62.000 
Great Germany: Old Reich". 19,897 45,007 17,256 7,788 15,865 45,111 47,562 17,614 56,654 53,357 58,265 54.400 
Ostmark". ° 4,634 4,394 3,994 6,519 5,600! 5,111 5,014 6,962 6A54 8,106 9.666 8.200 
Slovakia and Moravia 1,521 1,609 1,597 2,008 1,534 1,443 1,545 1,500! 1,500! 1,465 1,500 1.465 
Poland 41,000! 43,287 42,366 43,590 42,000! 42,688 43,819 40,202 44,968 41,000! 14,000 41,000 
BO. .saccevencss 30,839 30,955 24,277 31,376 31,913 24,724 32,003 31,094 31,631 31,095 31,469 31.500 
British India"! 33,300 31,174 29,968 29,054 27,322 30,045 27,000! 18,000! 33,000! 30,000! 33,000 30,000 
Ecuador 27,262 27,412 26,791 27,310 26,314 27,336 27,715 24,325 23,986 23,190 25,544 25.539 
Saudi Arabia 160 453 5,498 18,570 20,697 18,590 21,100 23,169 29,190 31,821 38,148 41.078 
Sarawak" 17,309 13,913 16,191 16,150 15,204 15,540 15,214 13,862 15,838 14,197 14.401 14,200 
Egypt" Side ia es 11,924 20,583 22,521 29,789 30,285 31,617 14,390 13,045 47,193 46,897 52,838 51,000 
Italian Empire: Albania” 6,873 746 10,247 Nil Nil 41,674 14,869 10,179 18,801 36,657 13,000 12.000 
Italy ° 1,164 1,125 1,027 1,071 1,060 986 933 1,005 1,034 968 1,000 960 
France 6,102 6,000! >, 756 5,923 5,713 6,000! 5,900! 5,500! 6,000! 5,700 6,000 5.700 
Hungary 3,349 4,000! 4,947 6,400! 5,602 6,167 6,619 6,670 9,049 9.000 9.500 9.000 
Bolivia! Kin 1,200 1,160 1,000 1,100 1,000 1,130 1,100 900 1,000 1,000 1.000 1.000 
Other Countries" 850 850 7,000 6,700 7,000 6,700 7,000 6,000 7,000 6,700 7,000 6.700 
WORLD TOTAL .. 22,714,595 23,589,804 22,178,931 23,353,817 22,407,268 23,099,714 22,837,995 20,898,978 23,683,098 23,705,904 24,546,305 23,410,242 
) Japanese Saghalin, Taiwan (Formosa) and Hokkaido in- 8 Anglo-Egyptian Oilfields, Ltd., figures. Vv Estimate representing Morocco, Cuba, New Zea- 
Ggures cluded with Japan. “4 Prussia, Thuringia and Baden. land, Barbados, Greece, Algeria. Yugoslavia. 
' Exeluding Burma. % Formerly known as Austria. Australia, Great Britain, Kuweit and China. 
" Sarawak Oilfields, Ltd., figures. 6 Italian imports of Albanian crude oil. 8 Official Figures—Petroleos Mexicanos. 
Comparative Cumulative Official Crude Oil Production Figures for 1932 to 1938 (Revised) in Metric Tons 
Daily Averages in Metric Tons 
1932 Jan.-June 
159.00 1939 1938 1938 1937 1936 1935 1934 1933 1932 
5 927,907 United States....... 464.667 445,399 United States... 163,228,715 172,822,797 148,707 864 134,912,143 122,913,903 122,601,191 106,289,292 
5 615,78 Soviet Union....... ngcerusl 81.807 79,862 TRS TB soa cc cccccves 28,859,000 27,867,025 27,384,900 25,241,100 24,092,700 21,330,100 21,389,300 
9,516.6 Venezuela... 80,851 73,615 Venezuela........ 27,845,286 27,733,926 22,945,299 21,990,373 20,112,115 17,293,193 17,085,334 
570.92 ERE eee . 28,925 29,567 Sa e =~ . 10,358,495 10,330,480 8,329,289 7,607,500 7,657,970 7,200,093 6,548,941 
5 298 615 Netherland India: Sumatra 14,319 12,504 Netherland India: Sumatra... 4,662,836 4,490,137 4,114,710 3,759,006 3,535,035 2,999,352 2,492,742 
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GEOLOGY 


Soil Analysis Evaluated by Means of Test 
Holes— Mitchell Tucker, in OIL AND GAS JOUR- 
NAL, vol. 38 (1939), No. 5, pp. 36-37. 

Soil analysis surveys are considered as one of 
the tools in the hands of competent geologists. 
A determination of the hydrocarbon content of 
the soil is often an important indication of the 
presence of workable petroleum deposits under- 
neath. However, if information of this sort is to 
be of real use, the extent of soil sampling should 
not be too limited by a skimpy economy. Short 
sample lines should be avoided. They should ex- 
tend outward on each side of the prospect suf- 
ficiently to establish the normal hydrocarbon con- 
tent of the soil in that particular area, and thor- 
ough enough to afford closure markers on all 
sides. Some dry holes located by soil analysis 
have been chargeable to failure to do enough 
work for a rational interpretation. 

It has been established in practice that soil 
analysis cannot give, reliably, a quantitative ap- 
praisal of petroleum possibilities; values known 
to reflect commercial production in one prospect 
cannot be transferred to another; it is necessary 
to find anomalies. If such anomalies are found, 
it only remains to establish normal on both sides 
and have a well-defined hyperbola directly over 
the prospect. Significance is usually attached to 
any well-defined anomaly which is 150 to 200 per- 
cent above the established normal for the region. 
Examples are cited to methods, applications and 
results and how they have been corroborated 
by experience. 

NoteE—A company which specializes in soil 
analysis service has published (Ibid.) a record 
of its operations in Illinois, Kentucky, Alabama, 
Mississippi, Louisiana, Arkansas, Texas, Okla- 
homa, Kansas and New Mexico. In a total of 
45 cases where the indications of soil analysis 
were tested by the drill, production was found 
in 22 recommended locations, 13 dry holes’ were 
drilled against the recommendations of the soil 
surveyors and 10 dry holes were found where soil 
surveys had indicated a prospect. On this record 
it would appear that soil analysis as an aid in oil 
prospecting is something more than 70 percent 
accurate.—Eb. 


Oil Production from Pre-Cambrian Rocks 
in Kansas—Kenneth K. Landes, before AMERI- 
CAN ASSOCIATION PETROLEUM GEOLOGISTS, Okla- 
homa City Meeting, March, 1939. 

A few wells on the Central Kansas uplift are 
producing from pre-Cambrian rocks. The occur- 
rence of oil in commercial quantities in rocks of 
this age is unique. The producing wells are in the 
Orth pool of Rice County and in the Gurney and 
Hall pools of Russell County. The pre-Cambrian 
rock in the Orth pool is quartzite, in the Russell 
County pools, granite. The latter consists of un- 
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weathered pink feldspar, quartz, and biotite. It 
is in place, and is not granite wash or even residual 
soil derived from granite. The only porosity con- 
ceivable in such a rock is that which would be 
caused by fissuring. It is suggested that the oil 
migrated into cracks near the top of the pre- 
Cambrian rock from topographically lower basal 
conglomerate which laps up on the flanks of the 
granite hills. 


GEOPHYSICS 


Structures in Sparta-Wilcox Trend Dis- 
closed by Magnetics—Wnm. A. Barret, in oIL 
WEEKLY, Vol. 93 (1939), No. 10, pp. 42-43. 

Recent results indicate that magnometric sur- 
veys may be suited to disclose anticlinal struc- 
tures in the Sparta-Wilcox trend, for the follow- 
ing reasons: 

The surface materials which cover the trend 
are but feebly magnetic, and hence do not dis- 
turb or obscure the magnetic effects arising at 
depth. 

The magnetizable basement rocks lie at such 
great depths in the trend that their magnetic 
reflection will not interfere with the anomalies 
traceable to folding in the sedimentary section. 

The Wilcox section is the shallowest lithologic 
unit encountered in the trend which carries appre- 
ciable quantities of magnetic material, and be- 
cause of its magnetizable properties and great 
thickness, the principal magnetic anomalies of 
local areal extent observed in the trend probably 
will be due to folding in the Wilcox section. 

This set of conditions should result in a definite 
magnetic reflection of Wilcox structures. Experi- 
ence indicates that it does. 

A map illustrates the results of one form of 
magnetometric survey carried over the Cheney- 
ville and Eola oilfields. The contours show how 
the anomalous vertical intensity varies through- 
out the area covered. 

It is seen that, in both the Cheneyville and 
Eola fields, the present oil-producing areas are 
embraced by closed contours which represent 
magnetic highs, or maxima, and that displaced 
northward from these maxima there appear 
closed contours indicating magnetic lows, or 
minima. 

It is believed probable that pronounced Wilcox 
structures, similar to those at Cheneyville and 
Eola, will give rise to diagnostic magnetic anom- 
alies of the type shown. 


Seismograph Prospecting for Oil, a Sym- 
posium—by Walter A. English and others, in 
PETROLEUM TECHNOLOGY, Vol. 2 (1939), No. 2, 
Technical Publication No. 1059, 29 pages. 

The four papers making up this symposium 
have been prepared especially for those who have 


no knowledge of seismograph prospecting. To 
many people, mathematics is a formidable sub- 
ject, and many are discouraged from studying 
seismograph prospecting under the mistaken as- 
sumption that the mathematical requirements 
are severe. In the papers presented here, there js 
not a single mathematical equation. It is be- 
lieved that considerable competence in dealing 
with some of the most important problems of this 
work can be attained without any mathematical 
training whatever. 

From that standpoint, Willard H. Tracy pro- 
ceeds to expound the non-mathematical theory 
of seismic reflection prospecting, so that an ordi- 
narily intelligent layman can understand what 
the practical seismologist really is looking for, 
namely, reflected waves as distinguished from use- 
less other waves. The instruments used in re- 
flection seismograph prospecting are explained by 
Arthur Norman. The carrying out of seismo- 
graph field operations is described by Frank 
Ittner. The whole thing reduces to the seis- 
mologist’s recording the travel times of reflected 
waves from a common source, and to his trans- 
lating these into travel paths of known position. 
The final determination of geologic structure 
from seismograph records is discussed by P. C. 
Kelly; it is chiefly a matter of picking out re- 
flections from the records; skill in making the 
picks, and experience in seeii.z how the structures 
they indicate eventually check out is of more 
importance than training in physics or geology. 
The fundamental assumptions of wave travel in 
the earth are simple and understandable, and 
with these assumptions, the computation reduces 
to simple arithmetic and a few problems in 
solid geometry. 


Exploration by Soil Analysis Methods— 
Malvin G. Hoffman, in OIL AND GAS JOURNAL, 
vol. 37 (1939), No. 44, pp. 23-24; 115. 

The present tendency in searching for oil is to 
check a suspected structure so completely that 
the possibility of drilling a dry hole is reduced to 
a minimum. This means that all possible sources 
of information should be drawn upon, including 
geological investigations and the recognized geo- 
physical tests. 

To these recognized indicators of the probable 
presence of petroleum deposits there has recently 
been added another analyzing the soil for 
the presence of gaseous, liquid and solid hydro- 
carbons. 

This drafting of the soil chemist into service 
as an oil prospector is based on the following con- 
siderations: Oil and gas are trapped in porous 
formations beneath the surface, where they exist 
under high pressure and mostly at rather high 
temperatures. Under these conditions, both oil 
and gas tend to escape by diffusion through the 
microscopic pores of even the hardest and sup- 
posedly the most impervious rocks. The diffusion 
process may be slow, but in the course of ages, 
traces of hydrocarbons reach the surface soil. 
Naturally, the soil over an oil deposit will contain 
more hydrocarbons than soil further removed. 
Hence, by making a chemical survey of a consid- 
erable area, the position of an oil deposit can be 
more or less clearly indicated. 

The Russians have used soil analysis for a num- 
ber of years as a means for locating oil and gas. 
They have had a moderate degree of success. 
They do not analyze the soil but the gas from 
the soil. They drill a hole from 6 to 10 ft. deep, 
the lower half of which is smaller than the upper 
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half. A bell is driven upon the shoulder, left 
about half-way down, and through it the gas is 
extracted from the soil by means of a vacuum 
pump. The gases collected and analyzed are 
almost entirely methane and ethane. 

The American method is to collect samples of 
the soil and then distill off the hydrocarbons 
which range from methane through the heavier 
gases to waxes and asphalts. In practically all 
the American experiments methane is disre- 
garded, because it is both a product of organic 
decay and a vapor from crude oil. The propor- 
tions of each cannot be separated. 

The method of examination of an area depends 
upon the amount of detail desired. Samples are 
taken in lines crossing an area, radiating out 
from a center hub, or crossed in two sets of 
parallel lines as a net. The hydrocarbon values 
of these samples may be plotted as curves, or 
spotted as points on a map and then contoured. 

Three principal types of curves have been de- 
veloped over producing areas. One is the halo 
curve found over closed anticlinal structures; 
another is the high anomaly curve over the 
stratigraphic trap; and the third is the high 
peak found over a fault associated with oil 
accumulation. 

Used alone, the soil analysis may not be con- 
clusive; it should be considered along with other 
information. 


DRILLING 


Exploring Drill Holes by Sample-Taking 
Bullets—Eugene G. Leonardon and D. C. 
McCann, in PETROLEUM TECHNOLOGY, Vol. 2 
(1939), No. 2, Technical Publications No. 1062; 
13 pages. 

The search for oil requires a large amount of 
information on the structure, composition, physi- 
cal properties and history of sedimentary rocks. 
The most complete source of information is the 
sample or core of the rock itself. For reasons of 
time and expense, however, it usually is not prac- 
ticable to core the entire length of a drill hole. In 
practice, coring is limited to what appear to be 
the most interesting sections, together with study 
of the drill cuttings—a procedure which involves 
the risk that key horizons may be passed or over- 
looked. 

The only continuous record of the formations 
encountered in a well is that furnished by elec- 
trical surveys. This suggests that an electrical 
survey be made of the well and samples taken 
from the wall of the hole according to the indica- 
tions of the electrical log. Thus, corings are limi- 
ted to the exact sections desired, and uncertain 
estimates of depth are eliminated. 

This paper discusses a method of coring a wel! 
on this principle. The method is relatively simple, 
and is similar to that of the gun perforator. A 
bullet in the form of a hollow cylinder is fired 
into the formation by igniting a powder charge. 
By means of attached wires the cylinder, with its 
enclosed core, is hauled up to the surface for ex- 
amination by the usual processes of core analysis. 
The general idea is indicated in the accompanying 
diagram. 

In order to take a number of side cores during 
one trip into the well a number of bullets, with 
their wires and firing arrangements, are attached 
toa long gun; the charges are fired in succession 
as the gun is raised up in the bore hole. Cores 
are *4 in. in diameter and 114 to 2Win. long, de- 
pending on the bullet used. Recoveries are about 
70 percent; an 18-bullet gun may yield 12 to 15 
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Method of exploring drill 


For the best work, the well-hole should be 
at least 5 in. in diameter. 


cores. 


This method is a valuable complement to elec- 
trical logging, as it affords a means of clearing up 
obscure relations on which the electrical log does 
not give conclusive information. It is often de- 
sirable to verify the position of water zones and to 
determine whether resistent zones are oil, gas, or 
both, and even to decide whether a given stratum 
is oil or water-bearing. The electrical resistivity 
frequently does not define, clearly, the oil gas or 
oil-water contacts. Examples are quoted to show 
how such problems are solved neatly. 


Selective Exclusion of Water from Wells 
Paul D. Torrey, before AMERICAN PETROLEUM 
INSTITUTE, New Orleans Meeting, May, 1939. 

This paper, which covers 47 pages printed in 
double column, is devoted principally to squeeze 
cementing, plugging back, gun perforating, and 
other modern practices in the completion and re- 
conditioning of oil wells. 

Case histories in various fields of Texas, Louisi- 
ana, Arkansas and Illinois, where squeeze cement- 
ing has been employed for the reduction of high 
gas-oil ratios and for the exclusion of water, are 
presented. Maximum squeeze pressures in excess 
of 3,000 lb. per sq. in. appear to give the best 
results for the reduction of high gas-oil ratios, 
and maximum squeeze pressures of approximately 
4,000 lb. per sq. in. appear to give the best results 
for the exclusion of water. 
proximity to the gas-oil contact or to the water- 
oil contact is essential. Squeezing is generally 
much more effective through gun perforations in 
the casing than in open hole. Of the various rec- 
ords studied, 44 percent were entirely successful 
in the reduction of high gas-oil ratios, and 61 
percent were entirely successful in the exclusion 
of water. The employment of higher maximum 
squeeze pressures, gel types of cement, and mul- 
tiple-batch jobs, is increasing the percentage of 
success that is being obtained from squeeze ce- 
menting. The results from squeeze cementing 
may not be permanent when there will be re- 
adjustments in the gas-oil and the 
contacts in the reservoir. 

Various plug-back methods for the exclusion 
of water are described, and particular reference 
is made to results that have been obtained in 
various West Texas fields, in the Rodessa field, 
and inthe East Texas field. No squeeze-cement 
job for the exclusion of water has been entirely 
successful in the Permian lime fields of West 
Texas. In the Rodessa field very good results 
have been obtained by cementing a short string 
in the bottom of the hole and then gun-perforat- 


Squeezing in close 


water-oil 





holes by sample-taking bullets. 


ing for production. 
have been used in the 


Many plug-back methods 
East 
one method appears to be universally applicable. 


Texas field, but no 


Past experience has shown that about 50 percent 
of the attempts made have resulted in failures. 
New technique in placing the cement so that the 
casing may be protected from excessive pressures, 
and the use of gel types of cement, have indi- 
cated more promising results. 

Owing to low allowables and the use of small- 
size chokes, there does not seem to be any great 
difference in the productivity of wells completed 
by gun perforation and of wells completed by the 
setting of conventional liner and screen. Gun- 
perforated well completions permit a close control 
of oil production, and provide an easy means for 
remedial work at some future time. 

New chemical 
water are assuming considerable importance. 


methods for the exclusion of 


Design of Casing Programs—]. ©. Hills, be- 
fore AMERICAN PETROLEUM INSTITUTE, New Or- 
leans Meeting, May, 1939. 

By design of casing programs is meant the 
selection of suitable casing sizes, weights, grades; 
type of joints; and hole sizes to be used in a par- 
ticular well to perform most safely and econom- 
ically the functions of water shut-off and pro- 
tection at depths predetermined by geological 
considerations. The term casing-program design 
as herein used is not intended to cover design of 
casing, but rather covers a method of choosing 
trom available stock the particular casing most 
suitable for a given well. 

Published figures on setting depths in the past 
have encouraged selection of casing by methods 
which failed to recognize actual conditions and 
therefore, failed to assure either safety or econ- 
omy. At best, these methods apply only to aver- 
age field conditions and simple cases, and are far 
from correct in many instances. 
dient of 141b. per sq.in. per ft. of depth isassumed 


A pressure gra- 


and may result in large errors, because cases 
have been reported of formation pressures re- 
quiring 172 Ib. per cu. ft. of mud, or a gradient of 
1.19 lb. per sq. in. per ft. In addition to this, 
implied strength data on both tension and col- 
lapse have been generally unreliable and incon- 
sistent. 
been chosen with little recognition of actual load- 
ing, and knowledge of the 
strength of the pipe. 

The importance and cost of casing programs 
justify careful engineering design based on the 
best available information on strength and load- 


As a result, casing programs often have 


with no reliable 


A method of design is outlined 
which 


ing conditions. 
which 


considers actual conditions, and 
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results in a consistent compromise between econ- 
omy and safety. Factors influencing choice of 
sizes, weights, grades, etc., are discussed; method 
of tabulation is shown; and an example of design 
is included. Collapse and tension data are given 
primarily to illustrate the method, but are be- 
lieved to be the most reliable available at 
the moment. 


OPERATING 


Effects of Acid Treatment Upon the Ulti- 
mate Recovery of Oil from Some Limestone 
Fields of Kansas—R. E. Heithecker, in BUREAU 
OF MINES REPORT OF INVESTIGATION, No.3445, 
April 1, 1939; 47 pages. 

In Kansas, almost every oi! well drilled into a 
limestone formation is treated with hydrochloric 
acid upon completion. This is done to increase 
the potential capacity of the well and thereby 
increase its daily allowable production, to shorten 
the time required to produce the recoverable oil, 
and to increase the quantity of oil recovered 
ultimately from the reservoir. 

Acid treatment of wells may be credited with 
extending the productive limits of some limestone 
fields in Kansas. 
small, non-commercial quantities of oil, have been 


Edge wells, which showed only 


completed as large oil wells after acid treatment, 
eitheralone or after being shot with nitroglycerin. 

Many old limestone fields that almost had 
reached their economic producing limit were re- 
juvenated, and their capacity to produce in- 
creased several times. In the Fairport field (Rus- 
sell and Ellis counties), production had declined 
to a daily average of about 10 bbl. per well. 
After the unprofitable wells had been treated 
with acid, the production per well averaged over 
30 bbl. per day for a year. The rejuvenation of 
the Arbuckle limestone wells of the Eldorado 
field, Butler county, is another example. Many 
wells that had produced for 12 to 15 yrs. and 
had about reached their economic limits were 
rejuvenated through the use of acid and continued 
to yield large quantities of oil. 

Limestone structures that had been tested by 
drilling and found non-commercial were com- 
pleted later as commercial oil-producing forma- 
tions through the use of acid. 

Hydrochloric acid was used to treat oil wells in 
Kansas for the first time in October, 1932. The 
total number of acid treatments given to wells in 
Kansas by:the end of 1937 was 8,070. These 
treatments consumed approximately 12,750,000 
gal. of acid. The cost of the service to the oper- 
ators is estimated at about $2,500,000. 

Many changes have been made since 1932 by 
companies offering acid treatment service. It is 
claimed, for example, that when certain chemicals 
are added to the hydrochloric acid, more favor- 
able results may be expected in certain limestone 
reservoirs, whereas the admixture of entirely dif- 
ferent chemicals to the acid improves results in 
other areas. 

Stage or multiple treating of wells with acid in 
many instances has proved to be an improvement 
over the older method of placing all the acid in 
the well at once. 

There is no definite rule to govern the amcunt 
of acid to be used for treating an oil well. The 
operator usually is guided by the practice of 
At first, 1,000 
then 2,000 or 3,000 
gal., while treatments of later wells may consist 
of 8,000 to 12,000 gal. charges introduced by 
stages. 


other operators in nearby wells. 
gal. per well may be used; 
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The paper gives many details of operations 
and results. 


Bottom-Hole Measurements in Pumping 
Wells—J. J. Jakosky, in PETROLEUM TECHNOL- 
oGy, Vol. 2 (1939), No. 2, Technical Publication 
No. 1059; 23 pages. 

This paper stresses the uses and importance of 
production studies through measurements of 
bottom-hole pressure at various rates of pro- 
duction. 

There are two principal methods of making 
such measurements. One is to sink into the well 
a pressure gauge (or bomb) which records the 
pressure at various depths to the bottom. The 
use of such a gauge requires, on a pumping well, 
pulling the rods and at times even the tubing; 
various other factors make such measurements 
rather expensive. 

A more convenient method is to determine 
fluid levels in pumping wells by the sonic or 
sound-wave reflection principle, which is given 
chief consideration in this paper, more particu- 
larly the Echo-Meter System. With this outfit, 
production-potential measurements can be made 
quickly and economically at static and two or 
three pumping speeds. This method has been 
made legal for prorating wells in certain fields of 
Kansas, and similar legislation is being enacted 
by other states. 

Aside from that, this convenient method may 
be applied with advantage in other directions. A 
recent application of fluid-level measurements in 
East Texas is in connection with existing or pro- 
jected gas-lift installations. If a well is being con- 
verted from pumping to gas lift, it is convenient 
to be able to obtain the fluid level in the annular 
space in advance of the pulling job. Also, the 
draw-down at various pumping rates will give 
valuable information regarding the size of valve 
to be installed. After the installation is com- 
pleted, its operation can readily be checked 
quickly and conveniently by fluid-level observa- 
tions. If it is suspected that a valve is sticking, 
a close check of the fluid-level variation when the 
well begins to unload will show which valve is 
kicking off. 

In wells where insert valves of the conven- 
tional type are used, it is impossible to run a 
bottom-hole pressure bomb because the valves 
obstruct the tubing. In all gas-lift work, the 
Echo-Meter measurements have the additional 
advantage that the fluid level can be watched 
continually and the input pressure properly reg- 
ulated, whereas with the pressure bomb gas can 
blow through the bottom perforations without 
the occurrence becoming evident until the run is 
finished and the bomb recovered. 


Multiple Sand Completion of Wells Using 
Removable Casing—Harry F. Simons, in OIL 
AND GAS JOURNAL, Vol. 37 (1939), No. 52, pp. 
49-50. 

Where a well penetrates two producing oil 
sands, the operator has a choice of procedures. 
The least complex, but expensive, is to drill sep- 
arate wells to each sand. However, it is much 
more economical to produce both sands through 
one hole, but obtaining satisfactory producing 
conditions in the upper sand is often difficult. 

Lately, the Carter Oil Co. has developed a 
method of handling two pay zones in the South- 
ern Illinois basin that allows each sand to produce 
as effectively and efficiently as they could by 
drilling two holes; the main feature of this 
method is a removable pipe section which is run 
in the casing string so that it will be opposite the 
upper sand (Cypress formation) when the casing 
is cemented. This section of pipe is then rernoved 





by mechanical means, or by acid, which leave 
the Cypress section completely exposed. The 
situation then is that the hole is cased bet ween 
the bottom of the Cypress and the top of the 
lower sand (Bethel formation), while the section 
opposite the Cypress is uncased. 


NATURAL GAS 


Catalytic Polymerization of Butanes from 
Natural Gas—F. B. Mack, before Narvrat 
GASOLINE ASSOCIATION AMERICA, Tulsa Meeting, 
May, 1939. 

The Shamrock Oil and Gas Corp. has had 26 
months’ experience in the operation of a plant 
which employs a method for cracking and poly. 
merizing natural butanes for the production of a 
high octane blending value motor fuel. This 
plant is operated in conjunction with a natura! 
gasoline plant and a refinery which supply it 
with raw material. This raw material consisted 
of 600 bbl. daily of butane in excess of that con- 
tained in 26-lb. Reid vapor pressure natural gaso- 
line, and could be increased to 1,000 bbl. daily 
by reducing the R.v.p. from 26 to 18 Ib. 

The butane delivered to the polymerization 
plant is charged to a cracking furnace which is 
controlled to permit the efficient production o! 
olefins (unsaturates). In this process of crack- 
ing and catalytic polymerization of butane, tw 
products are obtained. The first product made is 
pyrolytic polymer, which is formed in the butane 
cracking furnace and removed from the bottom 
of the debutanizer. The second product obtained 
is catalytic polymer, which is made by polymer- 
izing the olefins in the catalyst towers. The pro- 
duction of pyrolytic polymer is about eight to 
ten percent of the total polymer production. 

This product has a blending value of 95 with 
66-octane pressure distillate and 162 with 50- 
octane straight-run gasoline, the octane rating 
of the two blends being 72. Other blends com- 
parable to aviation fuel are produced. The prod- 
uct is mostly used to blend the refinery gasoline 
to market specifications. 

Details of operation and a discussion of econ- 
omic considerations are presented in the paper 


Applications of Thermal Poly merization— 
Humble Oil and Refining Co., Phillips Petroleum 
Co. and M. W. Kellogg Co., before NATURAL 
GASOLINE ASSOCIATION AMERICA, Tulsa Meeting. 
1939. 

This paper, prepared jointly by two oil com- 
panies and an equipment company, is a review 
of the actual results of several plants employing 
thermal polymerization for processing mixtures 
of butane and propane, and points out the possi- 
bility of economic use of this process by natural 
gasoline operators. No comparisons are made 
with other processes, such as catalytic operations. 
The two plants chiefly considered are the Humble 
refinery, Baytown, Texas, and the Phillips Petro- 
leum Company’s refinery at Borger, Texas. The 
layouts at these plants are shown by flow 
diagrams. 

For the Baytown unit, a description of flow is 
given, as well as a table of economics for the 
plant. Based on a butane charge of 8,000 bbl. 
per day, a 400 deg. endpoint poly gasoline value of 
six cents, a plant capital write-off of 10.5 years, 
butane is calculated to have a value of 1.615 
cents per gallon in the feed tanks at the poly 
plant. 

Similarly, for the unit at Borger of the Thil- 
lips Petroleum Co., description of flow and oper- 
ating conditions are given as well as economics 
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applying at this location. Economics of Borger 
operation indicate a butane value of 0.602 cent 
yer gallon, with a gasoline value of five cents. 

Suggested design is given for thermal poly- 
merization to be used at natural gasoline plants. 
This includes consideration of size of plant, 
butane and propane, as feed stocks, and use of 
existing plant facilities. General economics are 
given for one case in which 400 bbl. per day of 
10-Ib. R.v.p. 400 deg. endpoint poly gasoline are 
produced daily from 40,000 gal. of butane charge. 
It is indicated for this illustration that in a 3-year 
apital amortization, butane ranges in value from 
(.36 cent per gallon with poly gasoline at 4.0 
ents per gallon to 1.21 cents per gallon where 
the 10-lb. R.v.p. 400 deg. endpoint poly gasoline 
has a value of six cents per gallon. 


Compressibility of Hydrocarbon Gases— 
5. H. Sage and W. N. Lacey, before CALIFORNIA 
NATURAL GAS ASSOCIATION, April Meeting, 1939. 

The compression of hydrocarbon gases is of 
mportance in many of the operations involved 
in the production, transportation and refining of 
petroleum. The increasing use of repressuring in 
the field and high-pressure processing in the plant 
has necessitated the engineering treatment of the 
ompression of large quantities of gases to rela- 
uvely high pressures. Under these circumstances 
some of the methods that have been employed 
in the estimation of compressor performance are 
open to uncertainties and there is possible advan- 
tage to a more fundamental treatment of this 
essentially thermodynamic process. 

This paper discusses the thermodynamic re- 
lationships describing the compression of gases 
‘nd presents a comparison of the behavior esti- 
mated from such relationships, based upon fact- 
ual information, concerning the thermodynamic 
properties of hydrocarbon materials, with the 
performance determined experimentally. In ad- 
ition, data regarding the thermodynamic be- 
avior of a number of mixtures of methane and 
ethane have been included as well as a discussion 
if the results obtained in an experimental investi- 
gation of compressor performance. Certain ex- 
perimental information concerning the behavior 
of a particular compressor is necessary or must 
be assumed in order to estimate the performance. 
Por example, if the fluid friction and energy re- 
jected to the jacket can be correlated as a func- 
tion of :he average gas temperature, the rate of 
ompression and possibly the viscosity of the 
gas, the performance of the compressor may 
then be estimated for any other fluid for which 
suitable thermodynamic data are available. The 
information so obtained will include the work of 
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Flow diagram of the Houdry Catalytic Cracking Process. 


compression and the outlet gas temperature. If 
indicator cards are available for the machine 
operating on the fluid in question the maximum 
gas temperature may be predicted with accuracy 
and the indicated work compared with that ob- 
tained from the state of the entrance and exit 
gases. 


TRANSPORTATION 


Design and Construction of High-Pressure 
Gas Lines—John A. Clark, in PIPE LINE NEWS, 
vol. 11 (1939), No. 5, pp. 3-4. 

The author discusses the design and perform- 
ance of a 12-in. all-welded seamless pipeline de- 
livering natural gas from Kanawha County, 
W. Va., to Ohio markets. 

Since its completion the company ran a series 
of tests that gave some interesting results. It 
was found that as the pressure was increased the 
carrying capacity of the line was considerably 
above that shown by the standard Weymouth 
pipeline formula approved by the American Gas 
Association. As is well known, natural gas is not 
a perfect gas, but at high pressures compresses 
more than a perfect gas would. The tests showed 
that the carrying capacity of the line increased 
over the capacity indicated by the A.G.A. for- 
mula by a percentage approximately the same 
as the super-compressibility of the gas at the 
average pressure in the line. The super-compressi- 
bilities of a number of gases common to the 
region were tested, and were found to vary from 
zero percent at atmospheric pressure to as high 
as 36 percent to 1,500 lb. and 40 deg. temper- 
ature. 

In other words, the high-pressure line will ex- 
ceed the capacity expected from the standard 
formula at an average pressure of 300 Ib. by six 
percent; at 500 Ib. by 11 percent, and at 1,000 
lb. by 24 percent for an average dry gas. Equip- 
ment was not at hand to go above 1,000-lb. pres- 
sure with any large volume of gas, so no state- 
ment is made about results above that pressure. 

The practical result is that in designing the 
line it was expected to pass 63,000,000 cu. ft. per 
day with 1,000 lb. pressure at Cornwell and 320- 
lb. at Hastings (95 mi. distant); it turned out 
that at these pressures the delivery is 74,000,000 
cu. ft. a day; or, a 12-in. line at the stated 
pressures has practically the same carrying capac- 
ity as a 20-in. line operated at 350 Ib. initial and 
100 lb. outlet. The difference in the cost of con- 
structing a 12-in. and a 20-in. line is $1,000,000 
per 100 mi. 


REFINING 


The Houdry Catalytic Cracking Processes 
—Houdry, in BULLETIN ASSOCIATION FRANCAISE 
TECHNICIENS PETROLE, No. 49 (1939), pp. 3-14. 

In this address, the author explains with flow 
sheet the application of the Houdry process to 
Iraq and to East Texas crudes. The crude oil at 
a suitable temperature is admitted to a fraction- 
ating tower where it is fractioned into straight-run 
gasoline, a naphtha for reforming, and a residue 
which, after elimination of the heaviest products 
(tars) in a separator, is used for charging the cata- 
lyzing chambers. 

The catalytically cracked products are next 
admitted to a fractionating tower. The light 
products from this tower are sent through a 
separator to obtain catalytic gasoline and gas for 
the absorption and polymerizing department. 
The tail product is an excellent gas oil which may 
be sold as such or cracked again either catalytic- 
ally or thermally. This residue is particularly 
suitable for thermal cracking, especially since 
most refineries possess the appropriate equip- 
ment. 

This treatment (with residue) of Iraq crude 
yields a total of 6.15 percent of 74.7 octane gaso- 
line and 20 percent of residue (tar). A similar 
treatment of East Texas crude yields 74.2 percent 
of 74.4 octane gasoline and eight percent of resid- 
ual tar. The treatment can be shifted to a process 
operating without residue by shutting two valves 
V and V!, and opening v and v!. In the flow 
sheet, the lettering marks the following stations 
(heat 
tower, 


exchangers omitted): a 
b reformer, c 


chambers, 


fractionating 
tar separator, d catalyst 
e fractionating tower, f thermal 
cracking, g wet gas condenser, h dry gas, i com- 
bination absorption and polymerization, k vapor- 
izers. Figures in circles refer to East Texas crude, 
others to Iraq crude. 

Reference is made to an unpublished process 
of operations without residue which has been 
applied in a pilot plant (300 tons daily) at Chi- 
cago with the following results as of March 17, 
1939: 


Percent 

Charge to catalyst 100.04 
Sulphur in crude 2.10 
Gasoline yield: 

Mv cstntecaes i 47.2 

by weight. 37.5 
Gas oil: 

volume........ 52.0 

by weight 50.8 
Total carbon deposit 7.2 
Dry gas (by weight:).. 4.5 
Octane no. of crude gasoline.. 79.2 
Sulphur in crude gasoline. 0.2 


Yield of liquid of all products: 
between vaporizer and catalyst chambers are 
condensed... 100.2 
Carbon deposited in vaporizer. 2.4 


Applied to East Texas and Iraq crudes, this 
new process gives the following for Iraq crude: 
gasoline yield 76.5 percent, octane number 75.3; 
East Texas crude, gasoline yield 80 percent, oc- 
tane number 74.7. 
with the 
series of cuts and applying a special catalytic 


Aviation gasoline is obtained 


same apparatus making a different 


process. 


Factors in Knock Rating and Lead Sus- 
ceptibility of Gasolines 
INDUSTRIAL ENGINEERING 
(1939), No. 7, pp. 850-856. 

Previous investigations have indicated a Joss 
of knock rating during the acid treatment of 
cracked gasolines; 


Francis S. Graves, in 
CHEMISTRY, Vol. 31 


there has been a disposition 
to regard this loss of rating as dependent on the 
nature and source of the raw material. The pres- 
ent investigation relates the matter more par- 
ticularly to various factors in the manufacturing 
process. especially the acid treatment. The com- 
mercially cracked naphthas used in this study 
were treated at three different acid rates. Each 
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raw naphtha and the corresponding acid-treated 
stocks were redistilled to obtain five different 
yields. Complete tests were obtained on the 
overhead gasolines and these tests were plotted 
against yield from the charge for each whole 
stock. It was thus possible to determine the 
tests of a gasoline of any desired end-point from 
each raw and treated naphtha. 

The effects of these treatments on the knock 
rating and tetraethyl lead requirements are shown 
in the accompanying graph for a 400 Deg. F. end 
point gasoline. 

Another important factor governing the change 
of octane number during acid treatment is the 
temperature of the operation. A low temperature, 
15 deg. to 20 deg. F. leads to smaller treating and 
polymerization losses and depreciates the knock 
rating less than applying the acid at an initial tem- 
perature of 70 deg. F. 
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OCTANE NUMBER-A.S.TM.-C.FR. 


® 105 LBS. 98%ACID PER BBL. OF 
y 0.433 % SULFUR IN GASOLINE. 
“ 210 LBS. 98% ACID PER BBL. OF NAPHTHA! 
0.20% SULFUR IN GASOLINE. 
(3) 31.5LBS.98%ACID PER BBL. OF NAPHT 
68 0.084%SULFUR IN GASOLI 
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In connection with the relation between acid 
treatment and lead susceptibility of gasolines as 
depicted in the figure, it is noted that the sulphur 
content of the gasoline is of importance. Recent 
work has shown that tetraethyl lead may be 
saved by a previous desulphurization. This is of 
importance because excessive acid treatment may 
lower the knock rating, but where the gasoline is 
thus more extensively desulphurized, the ultimate 
lead susceptibility may be so increased that an 
increase in the amount of acid used may be an 
economical means of saving tetraethyl lead. 


Field Installation of Chromium Sheet 
Linings in Pressure Vessels—J. I. Shales, be- 
fore AMERICAN PETROLEUM INSTITUTE, New Or- 
leans Meeting, May, 1939. 

This paper describes the experience of the 
Standard Oil Co. of California with the protec- 
tion of refinery vessels in the field, that is, vessels 
in service that had become corroded to the point 
where they had to receive a protective coating 
or be replaced by new equipment. As related by 
the author, the evolution of a successful practice 
was a long and more or less painful process of 
trial and error, due to difficulty in obtaining 
proper materials, the undeveloped state of the art 
of electrically welding stainless steel alloys, and 
ignorance of the proper method of bonding the 
lining to the sheet. By degrees the present 
method of strip lining was developed. In this 
method the metal sheets used for the lining are 
cut in strips 23 by 120 in. or other suitable di- 
mensions. Holes 9/16 of an inch are punched on 
four-inch centers and the sheets are plug-welded 
to the wall of the vessel through these holes 
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For linings in cracking service the metal con- 
forms to the following chemical composition: 


Percent 
Chromium .. 1l to 13 
RIS. 5:6 'e-Susseern 0.08 (maximum) 
eee 0.50 (maximum) 
Manganese...... 0.30 to 0.70 (maximum) 
rs 1.00 (maximum) 
Phosphorus... . 0.035 (maximum) 
Sulphur......... 0.035 (maximum) 


The low carbon content of the material is be- 
lieved to be the key to successful installation; it 
should be the minimum obtainable. The cost of 
the finished job may run from $5 to $10 per sq. 
ft., which has to be weighed against replacement 
cost, time lost, etc. Observations on about 
50,000 sq. ft. of lining over an average period 
of six to eight years indicate the need of replace- 
ment at the rate of one or two percent a year. 
Most of the lining installations were made in 
1928 to 1931 and the bulk of it is still in oper- 
ation, with only minor maintenance. Similar 
linings have been installed in hot-oil circulating 
pump cases, phenol-extract recovery towers, 
vacuum distillation towers in crude distillation 
service, etc. 


Manufacture of Iso-Octane—L. J. Coul- 
thurst, in OIL AND GAS JOURNAL, vol. 37 (1939), 
No. 50, pp. 50-51, 61. 

There has arisen a great interest throughout 
the world for 100 octane aviation fuel, the chief 
constituent of which is iso-octane, which is 
blended with straightrun gasoline and isopentane. 
A number of refiners are making efforts to meet 
the demand. Among this group is one that is 
operating the Foster Wheeler equipment for pro- 
ducing iso-octane by selective catalytic polymeri- 
zation and hydrogenation processes as described 
in this article. 

Feed stock for these processes consists of 
cracked gasoline that has been depropanized. 
Bottoms from the depropanizer column contain 
the butane-butene cut that is to be used for sub- 
sequent hydrogenation. The hydrogenation pro- 
cess selected uses a low operating pressure with 
a catalyst that consists of activated nickel. This 
catalyst is extremely susceptible to poisoning by 
sulphur with the resultant permanent loss of 
activity. Consequently, considerable care was 
taken to reduce the sulphur content in the charge 
stock to a minute quantity, which is done by 
subjecting it to a series of three contacts with 
caustic soda. 

In the selective catalytic polymerization pro- 
cess, iso- and normal butene interpolymerize to 
form several isomers, among which are 2,2,4- 
trimethyl pentenes 1 and 2. In spite of the fact 
that there is a copolymerization of normal 
butenes, the resultant octane, upon hydrogena- 
tion, possesses a blending value equivalent to 
2,2,4-trimethyl pentane and the mixture is 
known commercially as iso-octane. 

After thorough desulphurizing the butane- 
butene feed stock is brought into intimate con- 
tact with an extruded-type catalyst contained in 
a high-pressure heat exchanger. The polymeriza- 
tion reaction requires that the temperature be 
controlled with definite limits, which is done by 
circulating boiling water through the shells of 
the catalyst vessels. 

Hydrogenation of octenes to octanes may be 
accomplished in either one or two stages. Where 
the cost of hydrogen is relatively high and most 
effective use is therefore desired, two-stage hy- 
drogenation is usually adopted and approxi- 
mately 95 percent of the hydrogen may be 
utilized. In this particular installation, hydrogen 





was relatively expensive and a two- -stage hydro. 
genation system was adopted. The octene « harge 
from the selective catalyst polymerization unit 
is joined by unreacted hydrogen from the second 
stage and both are passed through a steam. 
heated preheater into the top of the first- “Stage 
hydrogenation reactor. Here it comes into inti. 
mate contact with a catalyst that promotes sat. 
uration of the hydrocarbons. 


CHEMISTRY 


Analysis of Oil-Wax Mixtures—H. D. Lord 
in JOURNAL INSTITUTE OF PETROLEUM, Vol. 23 
(1939), No. 187, pp. 277-287. 

The estimation of oil in oil-wax mixtures by the 
press method is not very accurate, and, as the 
A.S.T.M. book states, ‘‘The expressible oil and 
moisture content does not bear a direct relation 
to the actual oil content of a given sample of 
paraffine wax.” 

In the present report, it is shown that a more 
accurate estimation of oil content, and therefore 
a closer control of refinery pressing and sweating 
operations, can be obtained by any one of the 
three methods developed 
ment of: 

(a) Specific gravity at 65 Deg. C. 

(b) Aniline point. 

(c) Refractive index at 60 Deg. C. 

The gravity method is perhaps the simples 
and most convenient to carry out, and probabl; 
represents the best method for routine testing of 
scales and sweated fractions; it is sufficienth 
accurate as a control test, giving results to within 
+0.8 percent oil. 

The refractive-index method is the most ac. 
curate of all, giving results to within +0.5 per. 
cent oil, and if an Abbé or other suitable refrac- 
tometer is available, it can be used conveniently 
It is perhaps best suited to research or investi- 
gationa! work where the highest order of accuracy 
possible is desired. 

The methods are, of course, applicable only t 
scales containing more than, say, two percentol 
as an absolute minimum, and cannot be used for 
the estimation of oil in finished waxes. 

For mixtures containing from 5 to 40 percent 
oil, the following equation applies: 
Oil content (% by wt.)—1635 [ux — 

where 
4o=refractive index at 60 deg. C. of oil-free wax 
ux—refractive index at 60 deg. C. of oil-wax mix- 
ture. 


involving measure. 


(Ho-0.0007) 


Solutizer Process for the Extraction of 
Mercaptans—D. L. Yabroff and L. E. Border 
before AMERICAN PETROLEUM INSTITUTE, Net 
Orleans Meeting, May, 1939. 

It is desirable to remove mercaptans com- 
pletely from gasolines by extraction rather than 
to convert them to disulphides. Aside from é 
reduction in the total sulphur content of the gaso 
line, the most important effect is an improve 
ment both in the initial octane number and i 
the lead susceptibility, as disclosed recently it 
the literature. In addition, improved light sta 
bility and inhibitor susceptibility may be expected 
in many cases. 


Only partial mercaptan removal can be ob- 


tained by using aqueous caustic solutions, inas 
much as the heavier mercaptans are very difficul! 
to extract. The degree of mercaptan removal cat 
be improved somewhat by increasing the causti 
concentration up to a certain point, but there 
after there is no improvement, and the extractio 
actually may become poorer. 
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The extent of removal of a mercaptan from an 
oil phase by an aqueous alkaline solution is a 
function of the ionization constant of the mer- 
captan and of the relative solubility of the un- 
neutralized mercaptan in the aqueous alkaline 
phase. The ionization constants of the mercap- 
tans are not affected greatly by an increase in the 
molecular weight, but the water solubility of the 
mercaptan is reduced markedly. Further, sodium 
hydroxide acts to salt out the unneutralized mer- 
captan from the aqueous phase, and this effect is 
greater for the heavier than for the lighter 
mercaptans. Failure, then, to achieve complete 
extraction of mercaptans from gasolines using 
aqueous caustic solutions is due mainly to the 
poor water solubility of the heavier mercaptans, 
and this is magnified by the salting-out effect of 
the sodium hydroxide. 

It has now been found that addition of certain 
organic solvents or salts, called solutizers, to an 
aqueous alkaline solution increases the solubility 
of mercaptans in such solutions, with great in- 
crease in the extraction. Among these solutizers 
the most effective appears to be potassium iso- 
butyrate; suitable proportions are four to six- 
normal free alkali and three-normal isobutyrate 
salt. 

In practice the gasoline is first scrubbed with 
dilute caustic or tripotassium phosphate to re- 
move free hydrogen sulphide, followed by the 
solutizer solution, which can be regenerated and 
used again. In pilot plant operations up to 99 
percent of total mercaptans have been removed, 
though some west Texas straight-run products 
are more refractory. Solutizer treatment does 
not lower the octane rating, and may even in- 
crease it; in addition, the tetraethyl lead sus- 
ceptibility is usually improved. When used in 
conjunction with an alkali phenolate, gum sta- 
bility is maintained. 


Fractional Distillation of Mixed Hydro- 
carbons Similar to Gasoline—R. Sigwalt, in 
BULLETIN ASSOCIATION FRANCAISE TECHNICIENS 
PETROLE, No. 49 (1939), pp. 14-37. 

A detailed description is given of a laboratory 
fractionating outfit for the analysis of low-boiling 
liquids as employed in the research laboratory of 
Cie. Francaise de Raffinage. An example is given 
of the fractionation of a light gasoline. There was 
a good separation of isopentane and normal pen- 
tane, and also the different hexanes; the distilla- 
tion curve was confirmed by the specific gravities. 
An efficient distilling apparatus of this kind is of 
great value as a first aid in analytical work on 
hydrocarbons; confirmatory tests remain to be 
applied to the separate fractions and the analyst 
should be on his guard against azeotropy. 


Determination of Sulphur in Light Re- 
fined Petroleum Oils—W. A. Schulze, V. W. 
Wilson and A. E. Buell, in O1L AND GAS JOURNAL, 
vol. 37 (1939), No. 45, pp. 76-78. 

This paper presents modifications of the Ethyl 
Corp. method which permit the operator to se- 
cure consistently reproducible results accurate 
toa degree heretofore unattained. The principal 
modification consists in the substitution of a 
carbon dioxide-oxygen mixture for the stream of 
purified air ordinarily entering the chimney of 
the combustion unit. Other variations consist in 
alamp of 30 ml. capacity for fuels of low sulphur 
content, and a double endpoint titration insuring 
exact neutralization. The net effect of these 
modifications is to insure the accuracy of the 
method over the entire concentration range 
encountered in work with petroleum oils. 

The reason for substituting the carbon-dioxide- 
Oxygen mixture for air in effecting the combustion 


AUGUST 1939 


is that when using air some nitrogen is oxidized, 
producing nitrogen oxides and acids which partly 
neutralize the standard sodium carbonate solu- 
tion used for absorption. Hence the back titration 
figure will show a higher sulphur content than is 
actually present. A tedious correction for nitrates 
is not necessary with this method. The amount 
of nitrogen contained in commercial oxygen gas 
is too small to affect the result. 


PHYSICS 


Preliminary Micromagnetic Survey of the 
Eola Structure—W. P. Jenny, in OIL WEEKLY, 
Vol. 93 (1939), No. 12, pp. 34-35. 

A recent publication by Barret on a magnetic 
reconnaissance survey of the Cheneyville and 
Eola fields (Louisiana) has shown conclusively 
that these two structures yield magnetic anom- 
alies which can be discovered by an accurate 
magnetic survey, even if the station interval is as 
large as one and a half miles. 

The present author has made a preliminary 
magnetic survey of the Eola prospect and gives 
a map, showing more detailed data, which re- 
veals a regional increase in the magnetic intensity 
due to a downdip thickening of the magnetic 
Wilcox section. This micromagnetic interpreta- 
tion was made in the early days of February 
(1939) and has been substantiated by recent 
drilling. 

The real existence of measurable magnetic 
trends in sedimentary rocks has been proven by 
the recent successful development of the polar 
core orientation method by which, from a labora- 
tory study of cores taken from a well, it is possible 
to determine the dips of the strata penetrated by 
the drill. 

The magnetic force found in the core naturally 
exists in the parent rock and may be evaluated 
by sufficiently precise measurements. Detailed 
micromagnetic surveys made by the author in 
the Anahuac field, the Amelia field and else- 
where, indicate that the lower Miocene acts as 
the main magnetic stratum. In southwest 
Texas, the magnetic method is credited with the 
discovery of a number of oilfields. 

From his experience in the Gulf Coast, the 
Mid-Continent and Michigan, the author is sat- 
isfied that, within the near future, the magnetic 
regional survey will be recognized as one of the 
preliminary essentials in determining the location 
of wildcats as well as extensions to proven fields. 


Relation Between Melting Point and Mo- 
lecular Weight in the n-Paraffin series 
A. H. Etessam and M. F. Sawyer, in JOURNAL 
INSTITUTE OF PETROLEUM, Vol. 25 (1939), No. 
187, pp. 253-262. 

The relation between the melting point and 
number of carbon atoms in the molecule in a 
homologous series provides an interesting study, 
and it is therefore not surprising that attempts 
have been made to derive a formula expressing 
the melting point in terms of the number of 
carbon atoms in the molecule. The n-paraffin 
hydrocarbons, by reason of their many syntheses 
and the consequent accumulation of data, are 
particularly suitable for such a study. 

This paper deals with an interesting and funda- 
mental relationship between melting point and 
molecular weight in the n-paraffin series. When 
the melting points of the odd and even members 
of this series are plotted against their respective 
molecular weights, it is found that the two cat- 
egories lie on different curves. Hence no one 


equation connecting melting point and molecular 
weight will accurately represent both the odd 
and the even members over the whole series of 
n-paraffins. However, with an increase in the 
number of carbon atoms in the molecule, the 
curves tend to converge. From Cy9 onwards, the 
difference between the curves is so small that they 
may be regarded as coincident. 


A New Device for Determining Porosity 
by the Gas-Expansion Method—A. B. Stevens 
in PETROLEUM TECHNOLOGY, Vol. 2 (1939), No. 2, 
Technical Publication No. 1061; 5 pages. 

In the calculation of oil and gas reserves by 
volumetric methods, it is necessary to know the 
volume of the reservoir available for the storage 
of the oil or gas. To obtain this information 
there are a number of methods for determining 
the total and the effective porosity of reservoir 
rocks. The methods for determining total poros- 
ity only have the disadvantage that the samples 
are reduced to grain size in the determination. 
In many sands there may be little or no difference 
between total and effective porosity but in other 
sands there may be considerable difference be- 
tween the two. For the estimation of oil and 
gas reserves, the effective porosity of the reser- 
voir rock always should be used. 
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Of the methods that have been developed for 
the determination of the effective porosity of 
reservoir rocks, or the porosity that considers 
only those pore spaces that are connected, the 
best known are the so-called Boyle's law and the 
Washburn-Bunting methods. The Washburn- 
Bunting method is probably the most widely 
used because it gives effective porosity, it is 
This 
method employs a special porosimeter in which 
the core sample is placed in direct contact with 
mercury. This method has disadvantages in that, 


rapid, and the apparatus is inexpensive. 


as a result of the high vacuum created in the pore 
drawn 
making it impossible to use the sample for a 
check determination and also ruining the sample 
for any further test, such as permeability. The 
purpose of this paper is to describe an apparatus 
employing the same principle as the Washburn- 
Bunting method but so designed that the core 
sample does not 
mercury in the porosimeter. 


spaces, mercury is into the openings, 


come in contact with the 
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An Accurate Kinematic Viscosimeter for 
Refinery Control Laboratories—E. H. Zeit- 
fuchs, before AMERICAN PETROLEUM INSTITUTE, 
New Orleans Meeting, May, 1939. 

This paper describes the design, construction, 
operation and calibration of a practical viscosi- 
meter that has been developed in the laboratory 
of the Standard Oil Company of California dur- 
ing the past six years. It not only meets the 
demand for greater accuracy in viscosity measure- 
ments, but has the further advantage of rugged 
construction. 

The instrument is identified as the Zeitfuchs 
viscosimeter, and is a modification of the Ostwald 
type. It has features which make it particularly 
The use of this 
equipment has resulted in greatly improved ac- 
curacy, in comparison with that of the Saybolt 
instrument, and also an appreciable reduction 
in the labor requirement for viscosity determi- 
nations. 


adaptable for routine testing. 


USES 


Ethyl Fluid Chart for Motor-Method Oct- 
ane Numbers—-L. E. Heb], I. B. Bendel and 
F. L. Garton, in INDUSTRIAL ENGINEERING CHEM- 
istry, Vol. 31 (1939), No. 7, pp. 862-865. 

A large proportion of the gasoline used for both 
automotive aviation fuel is treated with 
tetraethyllead to improve the knock rating. The 
effectiveness of tetraethyl lead in improving dif- 


and 


ferent blending stocks varies considerably, and 
for this reason a considerable amount of experi- 
mental work may be involved in the preparation 
of leaded gasolines. This work is expedited by 
the use of a chart so constructed that when the 
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octane number of a treated gasoline is plotted 
against the amount of tetraethyl lead added, a 
straight line results. With such a chart the effec- 
tiveness of tetraethyl lead in different fuels can 
readily be compared in terms of the slope of the 
line obtained. 

The authors have averaged a large number of 
tests carried out by the Motor Fuels Division of 
the C.F.R. Committee, and therefrom have pre- 
pared the accompanying ethy! blending chart for 
the A.S.T.M.-C.F.R. method. 

The use of such a chart is self-explanatory and 
is analogous to the use of the A.S.T.M. viscosity- 
temperature charts. The octane numbers of a 
given gasoline at two or more concentrations of 


tetraethyl lead are necessary to establish the line 
on the chart for that gasoline. The slope of a line, 
parallel to the one through the plotted data, but 
drawn from the star at the lower left-hand corner 
to the scale at the extreme right, gives the lead 
susceptibility of the gasoline. With the aid of 
such a chart, interpolation gives directly the 
quantities of tetraethyl lead required for any 
desired octane number. 

In the preparation of similar charts, the com- 
pression ratios of fuel of widely different octane 
ratings at various concentrations of tetraethyl 
lead are required. When this data is available, 
the chart is easily prepared according to the 
instructions given in the paper. 


SUBSTITUTES 


Chassis-Dynamometer and Road Tests of 
Alcohol-Gasoline Blends—C. W. Phelp and 
L. C. Lichty before AMERICAN PETROLEUM INSTI- 
TUTE, New Orleans Meeting, May, 1939. 

This paper discusses the principal factors which 
affect the performance of automobiles using gaso- 
line and alcohol blends. 

Data presented from various laboratories show 
that alcohol is a good anti-knock blending agent, 
having a blending value, when used in small per- 
centages, that ranges between 90 and 160— 
depending upon the type of gasoline used in the 
blend and the method of rating. In a blend of 
one part alcohol to nine parts gasoline by volume, 
the alcohol has the same anti-knock effect as 
between 0.5 and 1 ml. of tetraethyl lead per 
gallon. 

In general, the blending value of alcohol de- 
creases as the octane number of the base gasoline 
increases and as the lead susceptibility of the 
gasoline decreases. 

Alcohol and tetraethyl lead are substantially 
independent in their action when both are mixed 
with a given gasoline. Obviously, the use of 
alcohol as an anti-knock blending agent is not 
justified economically unless the cost of alcohol 
is not more than the cost of the gasoline and lead 
it replaces. 

Chassis-dynamometer, acceleration, and road 
tests with a gasoline and a 10-percent blend with 


— 


alcohol, using six cars with various carburetor ° 


adjustments, are reported. In general, with 
standard carburetor settings approximately the 
same power and acceleration, but decreased fuel 
economy and mileage, were obtained with the 
blend as compared with gasoline—although ex- 
ceptions to these results were noted. The blend 
was inferior to gasoline in all respects when lean 
carburetor settings were used. 

Data presented from tests run by others with 
privately-owned cars, owner-driven, show slight 
decreases in mileage with the blend in summer, 
and appreciable decreases in mileage and ease of 
engine starting and warm-up with the blend in 
winter, as compared with gasoline. 

The relative performance of automobiles with 
gasoline and alcohol blends depends primarily on 
carburetor settings and characteristics. Alcohol 
blends usually rate higher on the road than by 
the motor method. 


Italy’s Motor- Alcohol Campaign — 
(Annon.) in PETROLEUM ZEITSCHRIFT, vol. 34 
(1938), Nos. 51-52, p. 15. 

The attempt of the Italian motor fuel adminis- 
tration to promote alcohol productions to an ex- 
tent that would allow 20 percent of absolute 
alcohol to be added to all gasoline used in Italy 





has encountered difficulties. The original expecta- 
tion was that the necessary supply of alcoho] 
could be obtained by enlarging the area in beets 
in the beet sugar districts of northern Italy, where 
the farmers would be paid an average price for 
their beet crops, which would be turned partly 
into sugar and partly into alcohol. : 

It now appears that the necessary acreage 
cannot be found in the existing sugar districts, 
and extension of beet culture into other districts 
unsuitable for beets is impracticable. The plan has 
therefore been altered by adopting sorgo as an 
additional crop that can be used as a source of 
alcohol, and which can be cultivated on poor soils 
not well adapted to other valuable crops such as 
hemp and tomatoes. The necessary pioneer work 
with sorgo has been completed and extensive 
acreages have already been planted. 

The eagerness of the Italians to achieve a large 
measure of self-sufficiency in motor fuel is illus- 
trated by a further move in which cactus fruits 
are to be used as raw material. It has been found 
that these fruits can be processed with good yields 
and that there are vast tracts in southern Italy 
and Sicily which are useless for other crops but 
are well adpated for flourishing cactus growths. 


ECONOMICS 


Relation Between Crude Oil and Product 
Prices—Sidney A. Swensrud, in Bulletin, amert- 
CAN ASSOCIATION PETROLEUM GEOLOGISTS, Vol. 
23 (1939), No. 6, pp. 765-794. 

The relation between crude oil and refined 
product prices has long been a source of discussion 
within the petroleum industry, and particularly 
since the inauguration of proration. When refined 
product prices have receded during times of over- 
supply or falling off in consumption, independent 
refiners have contended that they were the vic- 
tims of a semi-fixed price of crude which did not 
similarly respond to the downward forces, or at 
least not soon enough to avert serious trouble for 
refiners. Crude oil producers, on the other hand, 
tend to place the blame for reduction in refined 
product prices entirely upon alleged mistakes 
within the refining branch and contend that if 
refiners would reduce their runs more effectively, 
accumulation of surplus stocks would be avoided 
and prices would hold. According to their view, 
prices of refined products should follow the price 
of crude and not vice-versa—at least when they 
are being lowered. The producers say that dur- 
ing times of reduced refinery prices, crude price 
reductions would merely cause further reductions 
in refined product prices, and so on, until ruinous 
levels resulted. The other view is that refined 
price changes naturally occur ahead of crude 
price changes because of the more sensitive 
nature of the refined product markets, but 
changes in refined product prices are not 
primary cause of changes in crude, or vice-versa: 
rather both crude oil and product price changes 
fundamentally are the result of changes in the 
supply-demand relationships for the industry as 4 
whole. There are, therefore, two main questions: 

1. What are the facts as to the relationship 
existing, from time to time, between the price of 
crude oil and the value of the refined products 
produced therefrom? 

2. What is the sequence in crude oil and pro- 
duct price movements? 

On these questions the author has assembled 
a large volume of statistical material showing the 
lag of crude price adjustments behind changes in 
prices of refined products over the period 1920 to 
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1938 inclusive. The data clearly show the greater 
sensitiveness of refined prices and their more easy 
and frequent change than crude oil prices. It is 
evident that the lag in the downward movement 
in crude oil prices operates to the disadvantage 
of the refining industry, and that this lag has 
been more pronounced since State proration be- 
came a general practice about 1930. The statis- 
tics afford a defense for the producer against the 
charge that he has profited, in general, at the 
expense of the refiner under proration practices 
of recent years. 


GENERAL 


Eliminating Hazards in Welding Gasoline 
Tanks—W. E. Archer, in OIL & GAS JOURNAL, 
vol. 37 (1939), No. 46, p. 175. 

Much effort lias been spent in attempts to per- 
fect a process or method which will eliminate the 
danger of fire or explosion in making weld repairs 
on gasoline, fuel oil and storage tanks. Usually a 
thorough cleaning is considered a necessary pre- 
liminary to such operations. 

A procedure adopted by a Los Angeles me- 
chanic is to force the air out of the tank by inert 
gas from the exhaust of a gasoline motor, usually 
introduced from below. Complete expulsion of 
inflamable vapors is ascertained by testing a sam- 
ple of the outflowing gas before welding opera- 
tions are started. It is even said that by thus 
expelling the air operations can be conducted ona 
tank containing liquid gasoline. To produce 3,000 
cu. ft. of inert gas requires combustion of one 
gallon of gasoline. 

Competent persons who have looked into the 
proposition are of the opinion that it is reason- 
ably safe if accurately carried out by skilled and 
competent workmen, otherwise it still has an 
element of danger. 


Dehydration of Organic Liquids with Acti- 
vated Alumina—R. B. Derr and C. B. Will- 
more, in INDUSTRIAL ENGINEERING CHEMISTRY, 
Vol. 21 (1939), No. 7, pp. 866-868. 

The solubility of water in many organic liquids, 
including gasoline and solvents used for extrac- 
tion purposes, is very low, but in many cases is 
important enough to interfere with the engineer- 
ing and commercial use of the solvent. In such 
cases, a rapid and economical method of de- 
hydration is a desideratum. Activated alumina, 
which will absorb nearly 10 percent of its weight 
of water, is an excellent agent for the purpose. 
A commercial unit of two adsorbers 40 in. in 
diameter and nine ft. high, each containing 
2,500 Ib. of alumina, will dry 100,000 gal. of 
benzene, 200,000 gal. of toluene, or 1,000,000 
gal. of gasoline per cycle of 2.5 hours. Regener- 
ation of the alumina is easily accomplished by 
heat applied either by coils embedded in the 
material or by circulating a hot inert gas, such 
as methane. The moisture content may be re- 
duced to a final specification of less than 0.01 
percent. 


Catalytic Activities of Two Allotropic 
Forms of Nickel—G. Leclerc and H. Lefebvre, 
in COMPTES RENDUS ACAD. SCIENCES FRANCE, 
1939, pp. 1650-1651. 

There are two allotropic forms of nickel. One 
is obtained by the reduction of nickel oxide by 
means of hydrogen at a temperature of about 
250 deg. C. It has the cubic crystal form and has 
Magnetic properties. When this cubic magnetic 
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nickel is kept for several days at about 175 deg.C. 
in an atmosphere of carbon monoxide and hydro- 
gen (Fischer-Tropsch synthesis gas), the products 
are water and hydrocarbons. Examination of the 
nickel by X-rays and thermomagnetic analysis 
now shows that it has passed to the hexagonal 
crystal form and has lost its magnetic properties 
without any apparent change in the size of the 
crystal; the catalytic efficiency is also depreci- 
ated. The initial catalytic activity, and also the 
magnetic property, may be restored by heating 
for several hours at 280 deg. C. in a vacuum or 
in an atmosphere of nitrogen. 


Higher Octane Ratings Shown in 1939 
Trend—W. I. Ziegenhain, in O1L AND GAS JOUR- 
NAL, Vol. 38 (1939), No. 4, pp. 25-27. 

On the basis of an annual survey conducted 
by buying and testing 36 samples of gasoline from 
each of 12 companies, it is concluded that better 
quality gasolines are now available at filling 
stations than at any time in the past. The aver- 
age octane number of 1939 premium fuels is 80; a 
year ago it was 79; the regular grade last year 
was 73, and this year it is 74. The most striking 
change is in third-grade gasoline, which in one 
year has jumped from 52 to 62 in octane number, 
with some having a 69 rating. 

In 1932, the octane numbers of regular, premi- 
um and third-grade gasolines averaged respec- 
tively 61, 74, and 51. Comparison with the figures 
given in the preceding paragraph will give an 
idea of the progress that has been made in the 
last eight years. As to volatility, the third-grade 
gasoline has moved upward toward that of the 
regular grade, while the regular and premium 
grades show little change in volatility. 


BOOKS 


World Petroleum Register—Published by 
RUSSELL PALMER, 95 River St., Hoboken, N. J., 
U. S. A., and 3 Savoy Place, London, W. C. 2, 
England; 20th edition, 976 pages, 84% in. by 11% 
in. $10. 

This large annual directory of the companies 
and individuals engaged in the oil industry of the 
world appears as the successor of two previous 
annuals—World Petroleum Directory and The 
Petroleum Register. 

The contents of the new volume include 
pertinent information on the history, capital and 
corporate structure, affiiates and subsidiaries, 
directorates and personnel, concessions and 
properties, manufacturing facilities and other 
particulars regarding all known companies that 
produce oil, refine or process petroleum, manu- 
facture liquified gas and grease, produce asphalt, 
carbon black and the like. Similar information is 
given regarding companies engaged in transporta- 
tion, wholesale distribution, export and in many 
allied and similar fields that compose the com- 
plex business of producing and marketing the 
world’s petroleum. There is a register of oil tank- 
ships; a list of bunkering stations of the world; 
lists of drilling contractors, royalty companies, 
trade associations, and of professional and scien- 
tific experts; an extensive buyers guide and a 
variety of information which it is always useful 
to have at hand. 

The format of the book is excellent and the 
system of indexing is well conceived to facilitate 
easy reference. The register is over 200 pages 
larger than any previous petroleum directory and 
actually contains over 40 percent more listings 
and information. 


Texas Oil and Gas Since 1543—by C. A. 
Warner, Published 1939 by GULF PUBLISHING CO., 
Houston; 487 pages; $5.00. Reviewed by 
Michel T. Halbouty. 

One of the most thorough histories of any 
state’s major industry is to be found in C. A. 
Warner's “Texas Oil and Gas Since 1543." The 
book is an outstanding contribution to the entire 
oil industry, although the historical value only 
pertains to the State of Texas. Many men who 
have been connected with the oil industry of the 
nation have been listed in this book as having 
played an important part in the early days of 
Texas oil production. Historical documents and 
statistical data are presented in a most concise 
manner and these data alone should prove to be 
invaluable to oil men in the future. Between the 
lines of this book one cannot but see the innumer- 
able interviews, letters and time the author spent 
in collecting his data. The book should prove 
useful as a direct reference to the source of inform- 
ation on early development of the oil fields in 
Texas, as the author delves into the minutest 
detail on the most significant factor that led to 
each discovery. The book contains the answers 
to hundreds of historical questions that are often 
asked by those interested in the oil industry, and 
these questions are answered in a language that 
is quickly understood by the oil man and de- 
cidedly fascinating to a layman. 

The author begins his book by story-telling 
the general history of the State’s oil develop- 
ments, and this first chapter is as fascinating to 
read as the most thrilling story of an exploring 
expedition. The oil industry in Texas is just so—— 
a fascinating tale of the hopes and despairs of 
thousands of men who explored, found, and the 
continued to seek the liquid which has been sym 
bolized as ‘Black Gold.’’ The economic import 
ance and growth of the industry is given a 
thorough coverage. The economic value of each 
phase of the industry is outlined, together with 
the role each played in the building of the present 
oil status of the State. The geological aspects 
governing the State’s production are reviewed 
for each producing district. The importance of 
this chapter is best reflected in the author’s own 
words as he states that “the stratigraphy and 
structure of Texas are subjects of major import- 
ance to the oil and gas industry and to all who 
secure financial returns from it. They are the 
factors that effectively control the accumulation 
of oil and gas.” This particular chapter is of 
extreme importance to geologists, petroleum en- 
gineers and financiers who operate or intend to 
operate in the State of Texas. 

The six producing districts of Texas, namely, 
East Texas, Gulf Coast, North Texas, the Pan- 
handle, South Texas and West Texas, are well 
reviewed in such a manner as to designate the 
importance of each. The tremendous upheaval 
that East Texas created on the State’s oil eco- 
nomic structure and the gradual birth of pro- 
ration are well explained in this group of chapters. 

The selected bibliography is important to sci- 
entists and historians, and the author has devised 
an effective index. The index is based on separate 
subject groups which immediately catch the eye 
of the index hunter and save considerable time. 
For instance, if information concerning the first 
oil well in Texas is desired, a complete index on 
all “‘firsts’’ in Texas is listed, such as the first oil 
well, first gas well, first pipe line. and the like. 
This book will be an invaluable addition to the 
library of every oi] man, oi] or gas company, and 
also to those who are historically inclined, be- 
cause the book is full of rich, human, interesting 
features of the oil and gas industry of Texas. 
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Russian Oil Survey— 
Part IV 


Fifth of a Series Dealing with the Soviet 
All Its Phases. 


Baku, Grozni, Maikop, Daghestan, Crimea, 


Petroleum Industry in 
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NEW LABORATORY EQUIPMENT 
DUPLICATING PRODUCTION 
CONDITIONS IN THE HOLE, GIVES 


OF THE:SUCCESS OF STRAIGHT 
AQUAGEL-WATER MUD FOR DRILL- 
ING-IN, IN LOW-PRESSURE AREAS 
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In this series of tests, filter cakes from AQUAGEL-water 
muds and from native clay muds, were deposited on 
similar cores at a pressure of 500 pounds per square 
inch. The AQUAGEL mud deposited a cake with a thick- 
ness of 2/16", the native clay a cake of 7/16". Heads 
containing either slots or perforations similar to those 
contained in liners were placed over the mud cakes, 
and back pressure, using kerosene as a medium, was 
applied through the cores. 

Before the back pressure reached 50 pounds, the 
AQUAGEL-water cakes began to dehydrate, broke 
away from the cores, and started to pass through the 
liner openings. The native clay cakes remained in 
place behind the slotted or screened openings even 

though the pressure was increased to 200 pounds 

per square inch. 


formation starting 


left) comes 
GEL coke 
. jay coxe righ! 


Tests of the cores used in the foregoing experi- 
ments disclosed that their permeability was greatly 
reduced in cases in which native muds had 
been used compared to those in which 
AQUAGEL had been used. 
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Kuban and Georgia Have Been Dealt with 
in Previous Issues, While This Article Sur- 
veys the Emba Oilfields. Next Month Mr, 
Wegrin Discusses the Ural-Volga Region 


and Soviet Ukraine. 


Eportance of the Emba oilfield lies in 
the extent of its reserves rather than its cur- 
rent production, for, while the value of this 
field has long been recognized, its develop- 
ment has been slower than that of the other 
areas previously described. This tardy de- 
velopment may be attributed to the geo- 
graphical isolation of the area, the adverse 
climatic conditions, and the press of more 
important problems confronting the Soviet 
Union. 

The possible petroliferous area covers 230,- 
000 sq. mi. and contains an estimated num- 
ber of salt domes amounting to 1,200. Of 
these domes, only about 300 are known, and 
only 22 have been studied and are in oper- 
ation under Glavneftdobitcha Centra I Vos- 
toka, which directs production in the central 
and eastern region of Soviet Russia. 

Bounded on the north by the Actiubinsk 
region, on the east by the Ust Urt plateau, 
on the south by the Caspian Sea, and on the 
west by the Ural river, the Emba district can 
be reached only by the Caspian Sea route. 
This route is open only during the short 
summer season. 

Proximity of Emba to the metallurgical 
centers of Khalilovsk and Magnitigorsk, to 
Cheliabinsk—-grain center and site of the new 
tractor plant—and to the Ural Kuznetz re- 
gions, where rapid advances have been made 
in development of coal, minerals, non-ferrous 
metals and timber, has revived interest in the 
projected tapping of these resources. 
History— 

The original Emba fields at Makat-Dossor 
are situated near Guryev, between the Ural 
and Emba rivers. They have been producers 
since 1857 but their development was slight 
until recent years. In 1892, some prospecting 
was carried on at Makat-Dossor, at Iskin, and 
at the Karaton properties along both banks 
of the Emba river, where wells drilled to 
depths between 85 and 140 ft. yielded 25 tons 
of crude per day. 

During 1911, the Ural Caspian Company 
drilled several wells at Makat-Dossor, and at 
700 ft., average production amounted to eight 
tons per day. Drilling continued to 1,150 ft. 
but no deeper horizons were found. During 
1911, the first wells produced 18,000 tons and 
by 1915 the number of wells had increased 
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In fields where there are two or more oil sands, each 
with a different formation pressure, the problem of pro- 
ducing each sand economically and complete- 
ly is a difficult one. 


In many fields, mining bureau regulations have 
made it necessary in the past to drill a separate well 
for each zone. But, by using SECURALOY Drillable 
Pipe and Accessories, operators are now able to drill 
one well that meets regulations and through it pro- 
duce all of the oil from each of several zanes... either 
from each zone in succession...or from all zones, 
simultaneously, through separate flow lines! 


There are at least four different multiple production 
methods in common use, each with its own particular 
advantages, and the setting and cementing procedures 
for these methods are outlined below. The type and 
placement of packers for producing these zones through 
separate flow lines depends on the formations, but 
full details will be gladly supplied by our Engineering 
Department on request. 


Hole is carried through top zone and pre- 
METHOD perforated SECURALOY Liner is set 
‘ through this zone. Then space above this 
NO. 1 zone is cemented and bottom of liner can 
also be cemented in place, if desired. When 
cement has set, reduced hole is drilled 
through bottom zone, a smaller SECURALOY Liner set, 
and space between zones filled with cement to separate 
each zone for isolated production. 

Operators preferring this method feel that it gives them 
a better cement job. However, it is not as fast as Method 
No. 2 and necessitates a smaller liner through the second 
producing sand. 


Hole is drilled through both zones and 
SECURALOY Liner, with pre-perforated 
sections opposite both upper and lower 
sands, is set through both zones. Using tail 
pipe and swab cups, space between upper 
and lower zones is filled with cement first 
and then space above top zone is cemented off, thus iso- 
lating each zone. 

This method is the fastest of the four, necessitating only 
one trip to set liner and do both cement jobs. It also per- 
mits same size screen through both producing zones. How- 
ever, some operators do not favor this method of cementing. 


Hole is drilled through both zones and a 
METHOD pre-perforated SECURALOY Liner, with 
. Security Mating Sleeve at upper end, is 
NO. 3 set through bottom zone. Space between 
bottom and top of liner section is filled 
with cement and a second pre-perforated 
SECURALOY Liner is run in opposite upper zone and 
“mated” with the previously set section. (Sleeves auto- 
matically form a fluid-tight seal between sections.) A 
clean-out tool then opens both sections into one solid liner. 

Although this method is somewhat slower, many opera- 
tors believe it is the best because it combines the cement- 
ing efficiency of Method No. 1 with the full-hole liner ad- 
vantages of No. 2. 


Hole is drilled through both zones and a 
METHOD blank SECURALOY Liner is cemented in 
place all the way up to the casing string. 
NO. 4 Then upper and lower zones are gun perfo- 
rated through the pipe and cement sheath, 
thus opening the sands for production. 
This method is relatively fast and certain because all 
zones are cemented off with one continuous cement body. 
But it has the disadvantage that the size of the perfora- 
tions cannot be regulated to screen out fine sand particles 
as is possible with the other three methods where pre- 
perforated liner screens are used. 
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to 64, and the total production for the year 
rose to 271,000 tons. 

The Soviets initiated operation of the 
Emba oilfields in 1924, after the nationaliza- 
tion of the oil industry. They started with 
the partially developed fields of Makat- 
Dossor and gradually began to exploit the 
properties of Baitchunas, Iskin and Koscha- 
gil, all near Guryev in the region of the Cas- 
pian Sea. In later years, prospecting and 
drilling operations were carried on at Djaksi- 
mai and Shubar Kuduk in the region of 
Temir, and at Djussa and Aktiubinsk. After 
the completion of the pipeline between Gur- 
yev and Orsk, Djussa and Aktiubinsk were 
segregated from Emba and formed into an 
independent oil organization called Vostok- 
neft. Vostokneft was formed in 1937 to con- 
stitute the oil base in eastern Russia to be 
developed as a second Baku. 

Geology— 

Exploration, prospecting and operation of 
the Emba fields show that the oil deposits are 
found in conjunction with salt domes. Pros- 
pecting methods practiced in the Emba field 
include graviometry to establish new oil 
domes, geological drilling to make sub-surface 
studies, and seismic surveys to establish the 
extent of the deposits. Ten expeditions 
carried out this research at Emba from 1933 
to 1937. 

Studies made by I. G. Permiakov, noted 
Soviet geologist, indicate that the salt domes 
at Emba were formed by tangent forces on the 
salt beds and the Permian and Jurassic layers 
which were formed on top of these salt beds. 
This tangent force arose from the growth of 
new folds as the sediments of the Permian 
system were formed and were overthrust by 
Permiatrasse and Mesezoic formations. The 
salt beds could not withstand this great force 
and gave way. Hot formations, coming up 
from beneath the salt beds, softened the salt 
itself and its layers fell in softened bends. 
As soon as the pressure from below ceased, 
the Mesozoic and Permiatrasse formations 
embedded in the salt increased. 

These softened bends are encountered fre- 
quently at Emba in the form of ravines where 
the salt, under pressure of the overthrust 
layers, has cropped up to the surface on the 
circumference of the ravines. The sinking 
formations, squeezed from above, lost their 
porosity and the ejected water and oil came 
up in the same direction as the salt to the 
top of the dome. 

At these places where the formations cover- 
ing the salt beds are large, the domes pen- 
etrate the overthrust layers. Such a condition 
is more favorable for the formation of oil, but 
the size of the salt dome does not have a 
direct bearing upon the formation of oil, as it 
may be formed in the salt beds as well. The 
state of maturity of the dome, however, desig- 
nates the direction and method of operation 
that must be employed. 

The largest domes found in Emba approach 
in size similar formations in Louisiana and 
Texas. These deep domes are indicated by 
the presence, in some parts of Emba, of in- 
creased Mesozoic formations at much lower 
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strata of salt layers. The deeper domes that 
have been studied to-date are located at 
Karaton. Their formation resembles that of 
the Conroe field in the United States. Drill. 
ing at these domes to depths of 3,300 to 
6,600 ft., made in 1937, have tapped Jurassic 
and Permian layers respectively. Wells 
drilled here have given a moderate yield, but 
the area is so vast that production may be 
increased greatly. 

Small dome formations at Emba contain oj] 
at depths between 650 and 2,000 ft. The 
areas of these small domes average between 
125 and 250 acres. The practice of seismo- 
graphy has lessened the prospecting diffi- 
culties and made the location of these domes 
a relatively simple matter. About one-fifth 
of the wells opened to these domes recently 
each yielded between 50 and 100 tons per day, 
while others have averaged between five and 
ten tons of crude per day. 

The overthrust structures in Emba are 
similar to corresponding formations in the 
Gulf and West Texas fields in the United 
States. The graviometric chart of the Emba 
region leads to a conclusion that underneath 
the cover of the chemical sediments there is 
a washed relief built up by formations of the 
Carboniferous and Devonian ages. At places 
where the salt wedges into the base of the 
Permian layers and comes up to the surface, 
there is a similarity to the Seminole, Pan- 
handle and Oklahoma City fields. These 
findings are subject to revision, for the Soviets 
have been making seismic and graviometric 
studies only during the past few years. 

It was believed that the Emba oil forma- 
tions come from the Jurassic layers, but recent 
geological studies have shown that the sec- 
ondary Jurassic layers also contain oil. It is 
still a disputed point whether the Permian 
overthrusts of the salt beds or the layers 
below the salt beds are the more favorable 
for commercial oil accumulation. 

Permiakov believes that the oil was formed 
in transgressions much deeper than Jurassic; 
but as oil has been found in the Jurassic 
layers and in the Apt, Neokomsk and Permia- 
trasse layers, and no bitumens have been 
found outside this transgression, it is reason- 
able to suppose that most of the oil lies in the 
depressed salt beds. At several places in 
Emba, it was found that the accumulated salt 
deposits have filled up the syncline bends 
between ancient folds and that the anticline 
folds below the salt beds have come up and 
penetrated the salt as well as the Permian, 
Jurassic and gypsum layers. Graviometric 
studies have established such places along 
the Emba river and it is likely that this area 
will prove most favorable for the production 
of oil. 


Drilling and Production— 


Drilling at Emba differs from that at other 
Soviet fields only in the fact that the wells 
are deeper. Several score of deep wells, 
whose depths vary from 8,200 to 9,900 ft., 
have been sunk in the Emba fields. A typical 
rig in the Emba area includes a four-speed, 
friction reverse, Emsco-type rotary table, 4 
6-in. by 6,000-in. transmission, two 6%4-in. 
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by 14-in. mud pumps, two internal combus- 
tion engines (a 200-hp. motor to operate the 
hoist and a 120-hp. one to turn the pumps), 
a metal or wood derrick about 110 ft. in 
height, a five roller crownblock, a four-inch 
swivel, and two mud solution mixers driven 
by separate electric motors. Drilling bits 
used are of the disc type, 23% in. for the 
first 100 ft. of the well, 1934 in. up to a depth 
of 1,400 ft., 1534 in. up to 2,000 ft., 1134 in. 
up to 2,075 ft., all with six-inch drill pipe. 
From 2,075 ft. to 5,750 ft., a 934-in. bit and 
four-inch pipe are used, while for depths up 
to 8,200 ft., three-inch pipe and a 734 in. bit 
are used. 


Transportation— 


The Emba area is entirely dependent upon 
Caspian Sea transportation for its supplies 
and equipment as well as for the shipment of 
its products. The development of such fields 
as Shubar Kudak and Djaksimai was made 
possible by the construction of a pipeline 
from Guryev to Orsk. A railroad running 
from Samara to Tashkent, via Orenburg, cuts 
through this area and provides a means of 
access to these fields. There are, in addition, 
some pipelines connecting the Koschagil and 
Makat-Dossor fields to Guryev. None of 
these lines is used to an extent approaching 
its capacity. The prospects for improved 
transportation facilities are brighter, for work 
has been commenced on a railroad line that 
will connect Guryev with Kandagash. 


Future— 


Between 1911 and 1929, Emba produced a 
total of 1,335,000 tons of crude and in the 
best year of production during this period, 
the amount was only 273,000 tons. Despite 
the large number of salt domes and the for- 
midable area available for exploitation, an- 
nual production varies between the relatively 
small figures of 380,000 and 460,000 tons. 

During the first Five-Year Plan, Emba pro- 
duced 1,535,000 tons of crude and only a 
slight increase was experienced during the 
Second Piatiletka, the amount rising to 
1,800,000. Plans of the Soviet Government 
call for an immediate increase in output from 
this area, however, and the manner in which 
these plans are being carried out is mani- 
fested by a rise in production from 360,000 
tons in 1937 to almost 500,000 tons in 1938, 
by the increase in prospecting that is being 
made in this area, and by the construction 
of a new pipeline from Koschagil to Orsk. 

Several years ago, the deposits of Emba 
were estimated at 40,000,000 tons of crude, 
but this figure appears to be far below the 
actual status of the reserves in this area. The 
number of new fields under study since that 
date has increased by 20 or more and, of 
these, eight fields have been established 
definitely as commercial producers. While no 
accurate estimate has yet been made to revise 
the above figure of 40,000,000 tons, the So- 
viets consider that the probable reserves of 
this area are far in excess of that amount, and 
their renewed interest augurs a large rise in 
production from this area. 

J. WEGRIN 
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